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ABSTRACT 

The purpose of this study was to investigate whether practice 
on sub-tasks of a complex perceptual-motor task were beneficial. In 
addition, the economy of learning sub-tasks was compared to whole task 
training. The sub-tasks of pivot and chest pass were compared to deter- 
mine if both contributed equally to learning of the whole task. 

Ninety boys from five elementary schools participated in the 
study. They were randomly assigned to groups and tasks. Three groups 
(N=30) were formed. Two experimental groups performed either the pivot 
sub-task or the chest pass sub-task before practice on the whole. The 
third group was designated as control and only trained on the whole task. 

Both experimental groups benefited from sub-task training. The 
accrued benefits varied according to the type of sub-task training. It 
was found that training on the pivot sub-task was significantly more 
beneficial than training on the pass sub-task. Sub-task training bene- 
fits were affected during whole task training by the interfering effects 
of integrating unlearned parts. 

Conditions of positive, negative, and zero transfer effect were 
noted. It was also found that learning the whole complex perceptual- 
motor task for all three groups was related to errors. 

In terms of economy the most efficient method of learning was by 
whole task training without including preliminary practice on a subor- 
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CHAPTER I 


STATEMENT OF THE PROBLEM 


Introduction. Teachers and learning theorists are continually 
looking for methods of improving the speed and efficiency of learning 
a perceptual-motor task. It might be helpful, for the purpose of im- 
proving performance, to separate a complex motor task into its sub- 
tasks and allow practice in each one separately. Whether practice on 
a sub-task of a complex skill is beneficial or not involves investiga- 
tion or, transfer etfiect; 

Practice of a sub-task may facilitate (positive transfer), im- 
pede (negative transfer), or causes changes which are not measurable 
(zero transfer) in performance of the whole. Investigation of transfer 
effect can be of value in determining the economy of teaching sub-tasks. 
Economy of learning can be assessed in relation to trials to reach a 
desired level of learning; reduction of errors; increase in speed or 
rate of learning; or improvement of accuracy. If a complex perceptual- 
motor skill has more than one sub-task, it would be of interest to find 
out whether training on one sub-task contributes a greater degree to 
the learning of the total than training on others. 

In a study by Gagne and Foster (52:47) significant levels of 
positive transfer from sub-tasks to the whole were found. The experi- 
ment involved a complex task which required four differential manual 
responses to four lights. Responses to two lights and two switches in 


different combinations constituted sub-task training. Results showed 
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that practice of a sub-task facilitated the acquisition of the whole. 
However, in terms of learning economy none of the amounts of preliminary 
practice accomplished as much learning as the same amount of practice 

on the total skill. The investigators (52:47) did not find any signifi- 
cant evidence to show that either of the two sub-tasks was more facili- 
tating than the other. They did note that groups having either thirty 

or fifty trials of pre-training committed fewer errors (pressing wrong 
switches) than the control group. One pre-training group, which received 
only ten trials of part-practice, was found to commit more errors than 
the control group. In addition, the ten trial pre-training group did 

not show a significant positive transfer effect to the whole. Further 
analysis of error results revealed that the thirty and fifty trial ex- 
perimental groups made fewer errors on the lights and positions that 

made up a part of their sub-task training. In a similar experiment to 
the one cited above, Gagne and Foster (51:342) also found evidence of 
positive transfer and reduced error scores on sub-tasks previously prac- 
ticed. Analysis of a group (51:342) that practiced a pictured represent- 
ation of the whole task showed that a training situation which represents 
the whole, even in pictured form, has a greater effectiveness than the 
Same amount of training on a part of the actual task. 

Bilodeau (16:5087) conducted three experiments on transfer of 
training on a two-hand tracking device. Transfer effects for various 
types of part practice were evaluated; using one hand exclusively, al- 
ternating between right and left hands in one-hand practice and two 
hands used in passive practice (following the crank movement of another 
tracker). Results from all three studies showed positive transfer from 
sub-task practiee to the whole. Others (65,85,16) have also found 


evidence of positive transfer from sub-task training to the whole. 
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Positive transfer has been found by several investigators (55,15, 
24,7) from practice of verbal tasks to a perceptual-motor task. Most of 
these studies involve giving verbal responses to the position of a lever 
or some other device which is later moved manually. 

The effect of transfer on selected gross motor tasks has been 
studied by a number of researchers (24,71,31,33,90,91) in a variety of 
experiments. Lundeburg (71:180) concluded that transfer is highly 
specific when he noted that training in table tennis or special arm exer- 
cises didn't facilitate coordination efficiency in finger pressing or 
peg-shifting tasks. Cratty (33:523) investigated transfer of small- 
pattern maze practice to a larger identical pattern maze. Various con- 
ditions of prior practice were used and results showed that prior reverse 
small-pattern practice of the larger maze caused initial negative transfer 
to the larger pattern. It was also found that prior similar small- 
pattern practice caused initial positive transfer to the larger pattern. 
Nelson (90:374) studied the transfer effect of swimming on the learning 
and performance of two complex gross motor skills. He found that learning 
the swimming skills did not impede or facilitate the learning and per- 
formance of gross motor skills with dissimilar patterns and movements. 
Nelson conducted another transfer experiment (91:364) using six skills 
that were paired for study. He wanted to see if the badminton volley 
would facilitate tennis stroking; if the volleyball tap would assist the 
basketball) tipssand.if the track start would tacilitate the football 
stance start. Results indicated some positive transfer but results 
failed to attain statistical ssienificance, 

Studies by several investigators (6,8,39,56,84) show that trans- 
fer effect increases as tasks become more similar. Muckler and Matheny 


(84:364) did a study on the transfer effect in tracking as a function 
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of control friction. Seven groups practiced tracking under different 
control friction pressures ranging from zero to twelve pounds. A con- 
trol group practiced sine wave tracking at six pounds pressure and re- 
peated the final tracking task at the same pressure. The control group, 
who had preliminary practice at six pounds of friction, achieved one 
hundred per cent transfer to the final task. The experimental groups 
attained transfer scores ranging from eighty-six to ninety-three per 
cent transfer. The data showed that where control forces are variable, 
optimum transfer will be obtained by exact simulation. It was also 
shown that the closer the practice friction was to the final task the 
greater the transfer. 

Results of research by several investigators (16,45,51,52,65,85) 
show evidence of positive transfer from parts of a complex task to the 
whole. The studies reveal that learning sub-tasks facilitates the ac- 
quisition of the whole. All these studies involve fine perceptual-motor 
tasks using the hands. From a practical view these studies do not reveal 
any trend to indicate that learning sub-tasks is superior to learning 
the whole. Studies by Gagne and Foster (51:49), revealed some evidence 
of error ence on parts of the complex task which had been previously 
practiced as a sub-task. There is little evidence in the. studies pre- 
viously cited (16,45,51,52,65,85) to show whether one sub-task contri-— 
buted more to the learning of the whole than training on others. 

Study of related literature on part-whole transfer supports the 
hypothesis that learning a part of a complex perceptual-motor task will 
facilitate the acquisition of the whole, yielding positive transfer 
effects. The literature also supports the premise that learning the 
whole task is as economical as learning parts, then the whole. 


The Problem. The purpose of this study is to investigate whether 
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practice on sub-tasks of a complex perceptual-motor task are beneficial. 


The complex perceptual-motor task in this study is a one hundred and 


eighty degree pivot right or left by a subject followed by the chest 


passing of a basketball through one of two basketball hoops situated to 


the right and left of the subject (see fig. 1). 


Two sub-tasks are identified for purposes of study. One is the 


pivoting movement right or left and the other is the chest passing move- 


ment. 


lhe 


Le 


We 


Sub-Problems. 


To determine if there is any learning economy doing sub- 
tasks before the complex perceptual-motor task. Learning 
economy will be evaluated in terms of performance time, 
number of trials, and errors. 

To determine whether training on one sub-task (pivoting) 
contributes more or less to the learning of the whole than 


training on the other sub-task (chest passing). 


laimveatvons. 


This) study is limited to ninety, ten year old males reg- 


istered in the Edmonton Public School Board. 


Definition of Terms. 


Chest Pass Sub-Task: a part of the whole complex percep- 
tual-motor task and is fundamentally the same movement as 

a basketball chest pass. 

Complex Perceptual-Motor Task: integration of various 
sensory perceptual factors and the multiple involvement of 
arms, hands, fingers, and legs. 

CP-W: an abbreviation for the electronic time score; chest 
pass time on the whole task. The score is a computation in 


which total performance time for the pivot sub-task is sub- 
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tracted from total performance time for the whole complex 
perceptual-motor task. 

Fine Motor Task: involves movements of the body's segments 
through space, while the body's center of gravity remains 
fixed. A fine motor task may involve arm and leg movement, 
exclusive of, or accompanied by, hand-finger manipulation. 
The larger muscles of the body generally act as stabilizers 
during the performance of such a task. 

Gross Motor Task: involves movement of the entire body 
through space, through large muscle activity. The body's 
soaeae of gravity changes position through locomotion, It 
may be accompanied by fine adjustments of the head and/or 

the extremities. 

Movement Time: the elapsed time between the onset of the 
stimulus and the completion of the response, 

MIT; an_abbreviation for the electronic time score; movement 
time one. MT1l represents the total time required to perform 
the pivot sub-task. 

MT2: an abbreviation for the electronic time score; movement 
time two. MT2 represents the total time required to perform 
the whole complex perceptual-motor task. 

Pivot-Sub-Task: a part of the whole complex perceptual- 
motor task and is a movement similar to a basketball pivot, 
PMT: an abbreviation for the electronic time score; pivot 
movement time. The score is a computation in which reaction 
time for the pivot sub-task is subtracted from the total per- 
formance time for the pivot sub-task. 


Reaction Time: the time lag or latency period between a 
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Stimulus and its overt response. 
RT1: an abbreviation for the electronic time score: reaction 
time. RTl represents the latency period between the lighting 


of an "action" light for pivot and the overt response of 
pivoting. 

Total Movement Time: the total time elapsed between the 
onset of the initial visual stimulus and the completion of the 
whole task. This period of time is made up of reaction and 
movement times. 

Transfer: the carrying over of an act or way of acting from 
one performance to another. 

Transfer Effect: the action that practicing one activity 

or task has upon the subsequent performance of another task. 
The effect may be beneficial or facilitating, detrimental or 
interfering, or have no measurable effect on the second. 
Visual Stimulus: refers to the visual signal to which a 
subject reacts. These visual signals are in the form of a 
bright neon light and may also be referred to as “action 
Piers) 

Whole Task: refers to the total complex perceptual-motor 


task which has two sub-tasks; pivoting and chest passing. 
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CHAPTER IT 


RELATED LITERATURE 


Part-Whole Transfer Studies. A number of experiments on transfer 


of training (16,45,51,52,65,85) have provided evidence concerning the 
relation between practice on components of a task and degree of transfer 
couche final task. 

In a study of transfer in which subjects practised components 
of a motor skill, Gagne and Foster (52:47) obtained results which showed 
a significant level of positive transfer from parts of a task to the whole. 
In this experiment, five matched groups of thirty subjects learned a com- 
plex task which involved four differential manual responses to four lights. 
Part training on the discriminations of reaction to upper and lower pos- 
itions of two lights was given to three different groups for ten, thirty, 
and fifty trials. A fourth experimental group received part training 
for thirty trials on the discrimination of responses to the color of the 
lights instead of their position on the apparatus. 

Following preliminary training, the experimental groups practiced 
tre Coral skit for Sixty ‘trials. ihe total skill involved color and 
Positron discrimination Using four ‘switches and four lights. “A control 
group was given eighty trials on the total skill without any preliminary 
practice. The learning of the skill was measured in terms of time re- 
quired for each correct reaction and number of errors. 

Sieniticant pesitive transter Lor the “experimental groups re= 
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was evidenced. This transfer exerted its effect, according to the re- 

sults,” through’triale® forty to firty of “the total motor skill. The ex- 
perimenters also observed that in spite of the positive transfer effect 
for three experimental groups, none of the amounts of preliminary prac- 
tice given in the experiment accomplished as much learning as the same 

amounts of training on the total skill. Errors made pressing the wrong 
switches were also recorded. It was noted that those having thirty or 

fifty trials of part practice made fewer errors than the control group 

on the whole task. They also found that the amount of transfer to the 

whole did not vary significantly when different tasks were employed. 

The experimental group that had only ten trials of part practice 
didn't show any significant evidence of positive transfer to the whole. 
It was also found that the ten trial experimental group made more errors 
than the control group on the total task. 

The results of Gagne and Baker's work were supported by another 
study (45:314) using the same subordinate and total tasks. In this study 
(45:314) three groups of fifty navy men were used. A control group prac- 
tised the total task which required the subject to hit one of four switches 
on a horizontal panel in response to one of four lights appearing on a 
vertical stimulus panel. They received sixty trials. One experimental 
group received thirty trials of part-task practise on color discrimination 
followed by sixty trials of practise on the whole task. A third group 
was assigned position discrimination as a sub-task and received thirty 
trials of part practise followed by sixty trials of practise on the whole 
task. 

Gagne and Foster (45:314) stated: 

Thirty trials of preliminary training on either Color dis— 

crimination or position discrimination resulted in consider- 


able positive transfer to the final motor task involving both 
types of discrimination. Both the experimental groups had 
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significantly shorter response times than those of the control 
group throughout sixty trials, although the reduction is parti- 
cularly pronomcedin the initial stages of learning. 

Gagne and Foster (51:342) studied the transfer effect of prac- 
tising a pictured representation of the task followed by practise on the 
actual task. Five matched groups of men were given varying amounts of 
practice on a paper-and-pencil test which represented the apparatus. 

All groups received sixty trials on the whole task. The apparatus and 
tasks were the same as that used in previous experiments (52:47, 45;314). 
Significant transfer scores were obtained for all experimental groups 
over the control at different trial stages beyond trial twenty. Groups 
who had eight or sixteen trials on the pictured representation also had 
scores on the final task that were significantly better than the control 
group. In a previous study (52:47) the experimental group with ten 
trials of part practice had inferior scores to the control group on the 
whole task. From this comparison, Gagne and Foster (51:342) implied 
that a training situation which represents the whole task, even in pic- 
tured form, has a greater effectiveness than the same amount of training 
on a part of the actual motor task. 

Jones and Bilodeau (65:2221) reported a study in which subjects 
performed a two-hand tracking task in which they controlled a movable 
pointer in two dimensions by turning cranks. They reported that transfer 
from a complex ("clover leaf") tracking task to a simple (circular) 
tracking task was greater than transfer from the simple to complex. 

Bilodeau (16:5087) conducted a part-whole transfer of training 
study on a two-hand tracking device. Part practice with one hand ex- 
clusively; alternating between right and left hand in one-hand practice; 
and two hands used in passive practice (following the crank movement of 


another tracker), were evaluated for transfer effect. The results in- 
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dicated a positive transfer effect to the whole task of tracking with 
two hands. 

Mukjejee (85:215) used a modified version of the Two-Hand Co- 
ordination Test to study the relationship between the level of initial 
scores and transfer of training on its simple part to its complex part. 
The task was tracking along a path which included a simple part and a 
complex. The simple part required input proportion of just fifty per 
cent with each hand while the complex part required cranking input of 
varying magnitudes and handle movement in different directions by both 
hands. Performance was recorded in time taken to transverse the tracking 
pattern which was twenty-five centimeters long. Errors were also scored 
when the tracking pin hit the sides of the tracking path. Forty-six 
"normal" youths were pre-tested on the whole task and from these initial 
scores divided into four groups of ability with half the subjects in 
each group acting as controls. The experimental groups received one 
hundred practice trials on the simple part which the controls did not 
get. Then the groups, both experimental and control, practised for one 
hundred trials on the complex part. 

From the results (85:215) it was observed that the four experimen- 
tal groups had better learning efficiency than their corresponding control 
groups on the complex part of the task. It was found that as initial 
performance level increased, the amount of transfer from the simple to 
complex part also increased. 

The studies of Batson (13:91), Smith (106:1) and Kao (68:219) 
were concerned with the integration of components in complex motor skills. 
The task in Smith's study was one of tossing a ball alternately with the 


left and right hands to hit left and right hand targets on a wall with 
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IZ 
a force which would make the ball bounce to a targets on the floor.' The 
subjects in this experiment practiced various components of the total 
task before attempting to perform the whole activity. The components 
were fairly similar to each other, and some evidence of interference 
was obtained when two or more of them were put together. Interference 
usually occurred at the stage when new, unpracticed components were 
added to the task to be performed alternately or successively with old 
and more practiced components. Kao, (68:219) in one experiment, used 
a total task which required the subject to hit a swinging pendulum. 
The subjects practiced separately the components of aiming in a particular 
direction, at a particular time, and with a given force before attempting 
to learn the total skill which involved the integration of all three com- 
ponents. In another experiment this author studied the acquisition of 
the skill of throwing, into a target, shot picked up from a board with 
tongs. Again the subjects practiced the components of this skill separ- 
ately and later attempted to pérform the total skill. In general, Kao's 
results indicate that plateaus occur in the case of these skills only 
when the subjects attend to the part processes separately. The results 
may be interpreted to mean that not all complex skills are subject to the 
occurrence of plateaus during the course of their acquisition. 

Lewis (69:423) investigated transfer using a three-part motor 
task. Practice could be given on any one of the three parts separately, 
or on any two of them in combination, or on all three together. One 
part practice resulted, during test trials, in inferior performance on 
the complex task, but complex performance following two part practice 


did not suffer by comparison with performance following whole practice 


throughout. 
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Transfer Studies Involving Gross Motor Tasks. Lindeburg (71:180) 
investigated the transfer effects of quickening exercise on three differ- 
ent coordinated muscular movements in a study involving forty-seven sub- 
jects. Four groups of subjects were pre-tested on simple finger press, 
normal peg-shifting, and a modified peg-shifting task. After the DEer tes f. 
three experimental groups took a regular P.E. program or a regular P.E. 
program plus special arm exercises, or table tennis. The control group 
did not engage in any activity program. All groups were given a post-test 
on the finger press and peg-shifting tasks. Results didn't show positive 
transfer of training from the activities:of table tennis, regular P.E., or 
special arm exercises to coordination efficiency in the finger press, nor- 
mal peg-shifting, or modified peg-shifting, as measured by the speed of 
movement. The results, state Lindeburg (71:180), “agree with the theory that 
transfer is highly specific and occurs only when the practice movements are 
identical." 

Cratty (33:523) used mazes of different sizes to determine whether 
transfer occurred between the learning of two similar spatial patterns; one 
thirty times larger than the other. Specifically, Cratty wanted to assess 
whether prior practice on various small spatial pattems would impede or 
facilitate the learning of a task involving larger movements. Sixty sub- 
jects were randomly assigned to four groups. One group had twelve spaced 
trials on a stylus maze containing a pattern similar to that of a large loco- 
motor maze. Another group had twelve trials on a mirror reversal of the 
larger maze. A third group had twelve spaced trials on a maze whose pat— 
tern was unrelated to that of the larger maze. The control group had 
twelve trials on the larger maze without prior practice on any other maze. 


Subjects learned all mazes blindfolded and learning criterion was traversal 
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time. Results showed that prior reverse small-pattern practice of the lar- 
ger maze caused initial negative transfer to the larger pattern. It was 
also found that prior similar small-pattern practice caused initial positive 
transfer to the larger pattern. 

Nelson (90:374) studied the transfer effect of swimming on the learn- 
ing and performance of two complex gross motor skills. Forty college men 
were matched on the basis of a pre-test and placed into an experimental and 
a control group. The experimental group learned the two selected skills in 
addition to swimming, whereas the control group learned only the selected 
skills. Results showed that the learning of swimming skills does not impede 
or facilitate the learning and performance of gross motor skills with dis- 
similar patterns and movements. 

In another experiment by Nelson (91:364) six skills were selected 
and paired for study. Badminton volley was paired with tennis stroking to 
see if practicing one would facilitate the learning of the other. Volley- 
ball tap and basketball tap for accuracy were also paired. The track start 
was taught and its effect on the football stance start analysed. Most of 
the results did not attain statistical significance, but Nelson indicated 
that some facilitation occurred for the tennis skill to badminton skill, 
from the basketball skill to the volleyball skill and from the track start 
to the football stance start. 

Similarity of Tasks and Transfer Effect, Baker and Gagne (6:721) 
conducted an experiment which dealt with transfer of training as a function 
of difference in response rate between training and final tasks. The task 
employed in the study involved turning a crank so as to keep a pointer in 
alignment with a target which moved irregularly back and forth over a one 


hundred and twenty degree sector on the circumference of a dial. Four 
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rates were used. Five matched groups of thirty-one male subjects were given 
eight trials at one rate followed by eight trials at another rate. Findings 
showed a significant degree of positive training from the training rates to 
the final task rate and that the relative amount of positive transfer ob- 
tained from training depended on the degree of similarity between the train- 
ing and final tasks. 

In another study, Baker and Gagne (8:465) examined transfer effect 
and stimulus similarity using response to colored lights as the task. As 
in the study cited above (6:721) results showed that transfer decreased with 
increasing dissimilarity of stimuli. 

Duncan (39:10) studied transfer between two tasks as a function of 
degrees of learning of the first task and similarity ot tasks. The subjects 
were required to associate each of six colored-light stimuli with movements 
of a lever, grasped by the right hand, into six radially arranged slots. 
There were three degrees of inter-task similarity arranged as a twelve cell 
factorial design in which three hundred subjects were used. Similarity be- 
tween tasks was defined in terms of the number of lights newly paired with 
different slots in the final task. Results showed that transfer was positive 
for all experimental groups whether measured in terms of correct responses 
OF etrors. Further, tranmster increased directly with inter-task ‘similarity. 

Greenspoon and Anderson (56:201) examined the effects of stimulus 
similarity and delay on transfer to a visual-motor task. The subjects were 
trained on the same stimulus value and then retrained on the same or differ- 
ent stimulus values after different intervals of time. Results showed that 
the greatest amount of transfer occurred on stimulus values that were closest 
to the stimulus value of the original training. Moreover, longer time in- 
tervals between original learning and test of transfer tended to produce 


the greater amount of transfer. The transfer effect was found to be limited 
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with control groups performing as well as the experimental groups in a 
relatively small number of trials. 

Rockway (99:44) designed a study to investigate the relationship 
between amount of transfer of a tracking skill and the degree of similarity 
between training and the control-display ratios. The findings indicate 
that the more similar the training and control-display ratios, the greater 
the transfer. 

Woodward (116:12) conducted a study in which an experimental group 
and a jcontrol group of trade school girls, equated for 1.Q., age, trade 
training, and trade rating, were given an initial and a final group of 
trials at assembling a simple loom. For the experimental subjects there 
was interpolated training in assembling a safety switch, a task which made 
use of different materials but involved the same general pattern of motions 
and total work situation and nearly the same specific motions as those in- 
volved in assembling the loom. Some transfer of training occurred for the 
experimental group, states Woodward (116:12) and is "probably due to the 
great similarity of the two assemblies." 

Muckler and Matheny (84:364) studied the transfer effect in tracking 
as a function of control friction. One hundred and five subjects were ran- 
domly assigned to seven groups who performed the tracking task under zero, 
two, four, six, eight, ten, or twelve pounds of pressure. The six pound 
pressure group was selected as the control group. All groups received 
twenty sine wave cycles of preliminary practice followed by practice on the 
final task (six pounds of friction) until a learning criterion had been met. 
Analysis of scores showed high percentages of transfer, for all eroupsss eihe 
control group, who had preliminary practice at six pounds, of, frictions achieved 
one hundred per cent transfer to the final task which was also done at six 


pounds of pressure. The other groups achieved transfer scores ranging from 
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eighty-six to ninety-three per cent transfer. The data showed that where 
control forces are variable, optimum transfer will be obtained by exact 
simulation, however, little was lost if the control force varied. It was 
also shown that the closer the practice friction was to the final task the 
greater the transfer. 

Task Difficulty and Transfer Effect. Barch (9:37) investigated 
the kind and amount of transfer in a two-hand coordination experiment where 
two tasks were complete reversals of each other and task difficulty was 
varied by changes in target size. Five groups of fourteen female college 
students served as subjects. All groups had thirty trials on the training 
task which required manipulation of two handles so as to keep a small button 
on top of a target which moved in an irregular pattern. Movement control 
with the two handles was reversed for three groups on the final task. The 
remaining two groups received final task training on controls in which only 
one of the two handles had been reversed. Training task difficulty was 
varied using small, medium, or large targets, All groups had training on 
the final task using the small-sized target. Analysis of final task scores 
showed that transfer was greatest for those groups practicing on the small- 
sized target (most difficult) followed by practice on the final task with 
thessmall target (difficult). 

Lordahl and Archer (72:426) used a rotary pursuit task to study 
transfer effects as a function of first task difficulty. Task difficulty 
was varied using speed of target rotation and radius of the target orbit. 
After ninety subjects had been tested in six different task situations vary- 
ing in difficulty, it was found that the speed variable produced significant 
differential transfer effects. These effects lasted for several trials. 

The control groups, whose preliminary task was identical to the final task, 


performed better than the experimental group. 
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Namikas and Archer (88:109) also studied transfer effect and task 
difficulty using the pursuit rotor. Speed of rotation was varied for 
groups. One hundred and twenty subjects were given twenty training and 
twenty transfer trials. Results showed that performance was better at slower 
speeds and transferring to the same speed gave the best performance. 

Holding (63:397) reported two experiments, both of which involved 
tracking on a simulated radar scanner by manipulating a control stick 
mounted on the arm of a chair. Sine wave frequency could be varied to get 
random target courses. Holding said: 

The first experiment explores an absolute difficulty hypothesis 

to the effect that transfer might be greater from a point of 

optimum difficulty, whether to an easier or to a more difficult 

task; changes in difficulty were achieved by controlled variation 
of the complication of pursuit tracking courses. However, after 

a week's practice on the twelve task conditions, it appeared 

that transfer was consistently most effective in the difficult- 

Gasy direction: 

In a second experiment, subjects were transferred between 
tasks with easy and difficult course amplitudes, at both easy 

and difficult levels of complication. In this case, the easy- 

difficult order of practice was better with the simpler courses, 

while the complex courses favoured difficult-to-easy transfer. 

It is concluded that difficulty is not a useful category for 

the predication of transfer efficiency, and that the solution 

lies in examining the skills involved. Explanations are outlined 

in terms of inclusion and error size constance, although it is 

probable that many other factors play a part. 

Szafran and Welford (109:88) also studied transfer effects and 
dittieultysot initial task. In their study, six groups of fourteen Ssub= 
jects each were required to throw light pieces of chain at a target under 
three conditions of difficulty. In the simpler of the three tasks, the tar- 
get was placed flat on the floor and eight feet from the subject. The se- 
cond task was the same as the preceding task except the subject had to throw 
over a horizontal bar. The third condition was rated as most difficult be- 


cause a screen hid the target and could only be seen via a mirror. They 


concluded that transfer tended to be positive from a relatively difficult 
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initial task to an easier one and negative for a relatively easy to a diffi- 
cult one. 

A study by Rivenes (97:485) was devised which enabled subjects to 
practice one or more tasks varying in degree of difficulty on a distance 
dimension. A series of six novel tasks resembling modified shuffleboard 
skills were administered to nine groups of male students at the Pennsylvania 
State University. Analysis of results revealed that multiple-task practice 
of relatively easy practice tasks increased transfer, whereas single-task 
practice of relatively difficult tasks was most advantageous. The amount 
of transfer expected from practice of relatively easy tasks did not combine 
in a linear summation with the amount of transfer expected from practice of 
relatdvelyediffiicultstaske: 

The results of most available research on task difficulty and trans- 
fer were neither confirmed nor challenged because of the uniqueness of the 
tasks, or they were in conflict with the results of experimentation with 
similar tasks. No valid overall pattern emerged from the available re- 
search and there was an almost complete absence of such research using sports 
skills. 

Transfer of Verbal Training to a Motor Task. Several investigators 
(53,55,24,7,15) have examined the transfer effect of verbal pre-training 
upon acquisition of motor skills. All these investigators have found a posi- 
tive transfer effect from verbal pre-training to the motor task. 

Goss and Greenfield (55:258) had an experiment in which four white 
lights of different intensities served as stimuli for different verbal re=- 
sponses. Forty-eight experimental groups were given experience in seeing, 
discriminating, and naming the stimuli either overtly or covertly, seeing 
and discriminating, or seeing. All subjects then had seventy-two trials to 


move a lever in a different direction for each intensity. It was found that 
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all types of acquisition of discriminative verbal responses resulted in 
some positive transfer with the exception of the seeing response. The 
amount of positive transfer increased with mastery of verbal responses but 
did not vary with amount of seeing and discriminating. 

The effect of complexity of a motor task was studied by Battig (15:371) 
in a finger-positioning task. He concluded that the amount of positive 
transfer from verbal pre-training to motor performance showed a consistent 
decrease as motor complexity increased in terms of number of fingers used 
on a finger-positioning task. 

In a study by Cantor (24:180) three different amounts of verbal pre- 
training upon performance of a perceptual-motor task was investigated. In 
a motor task provided by the Star Discrimeter, the subjects learned to move 
a wobble stick into channels corresponding to six colored lights consisting 
of red-yellow hues. Three groups received varied amounts of relevant pre- 
training, three groups received irrevelant verbal pre-training and a control 
group did not receive any pre-training prior to the motor task. All subjects 
received forty trials on the final Star Discrimeter task. Results obtained 
supported the prediction that all three amounts of relevant pre-training pro- 
vided positive transfer to the motor task. It was also found that the per- 
formance of the combined relevant pre-training groups was reliably superior 
to that of the combined irrevelant groups. 

Baker and Wylie (/:632) also investigated the transfer effects of 
varying amounts of verbal training upon the subsequent learning of a motor 
task. The motor task used in the experiment was a discrimination learning 
problem in which the subject learned to press one of four appropriate switches 
upon the appearance of a red or green stimulus light in either of two posi- 
Pre-training consisted of verbal expressions of the stimulus-response 


tions. 


relationships of the final task. Time and errors were used to measure 


off senoqeat ghitsen sit 40 solsqesxs ¥ fgiw setenssd ovbads 
aud seenoqee1 [edtev io yissesd Hotw beanstont totensts svidteoq Yo 3 


.gnivenimitostb bite gotsee to Jnvone dgiw en seaniaenel 


CLNE:25) grated vd batbude apw vend toI0m & to viiksiqnos to dostte eft ~ 


eytvteoy Yo Javeme ois Jo behuloaoas st = .dend ontno ld keoq~tegalt @ ak 
Jes3 et¥nad 5 bevors eonsmuotisg room 03 gniatsas—97q [ediev mot? Teitesesy 
baaw wregitti Yo r9dmun to emts2 al beeseront yitxelqnos ToJom es sepe Tab 

| tne aninoLibeoq=teghk2 psp fo 

-s1¢ fntzov to etnvoms Inoretith seis (OBL +a) vodead yd ybuse 6 al ww 
pt sbevegtieount wow dacs totem-Leusqootsg & to sonuisotmq aoqu gataiet 
svom os Uanteel aiostdue st -isiamiroekd 1892 902 yd bhobtve tq dass Yosom s 
galsetéaos rtiagt! bei0los-xte oF antbraqesito% elonned> otat sotse siddow s 
“sq stavelet To etnyeads betrnv bevissot eqvotg estat .zoud wolLoy+bet Go 
forines @ bas yatalesi~s'19 ehany snntevaytr bavisosat equoty #etAa -yntniets 
atse(due CLA deed sod0m of9 049 vOlsy oriinlats-e1g vine eviesss Jom bEB quomy 
beateddo atfies! fend rotemtsaetd zade’ [apk? ofa ao efstas vive}. bevissey 


=o3q guiaisa1-47q dnevsist to etiioms Sordy Ils isd noltotbsiq ed’ besroqqga 


~ter ong der? Sates oele°eny JI lend zotom std 09 sete avisieod babiv. 


yokvequa videlies gow aquoiyg guintax3-sig Jowystlot beukdmon ald to sonsarr0t 


.equerg iuaflsyvari1t benidaod eds Yo Sats O28 
Yo e30atts wsteanays 94) betantsesval cals’ (S601 )Y stivW bos weds 
to3om «@ to antotass jacupsedue ofa Gow yniaioy? Lsdisv lo esnvome pakyzav 


gaioxmel noizentmitoetb 2 saw Ineniragxe sy wi bseu dena To2om oT wAaag 


aofotive ciliated tuoi to sno aaaig 03 bantaat Ja due ald dobtw nt meidery 


=beng ows Yo tarts ut adail icin! wend 9 hex & 90 someteogqe. BH2 Hoge, 
sanoqeay-aulumazots io enoteasrgxe [sdisv io betetenos gukaews-sr% 
otienso of beey orsw 210115 bane omit .desd Lpsitt sis” 20 


Hy 


21 
learning and results showed that eight trials of verbal pre-training yielded 
insignificant amounts of transfer. However, twenty-four verbal training 
trials did yield a significant amount of positive transfer to the performance 
o£ the motor task. 

TABLE i 


SUMMARY OF PART-WHOLE TRANSFER 
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CHAPTER III 


METHODS AND PROCEDURE 


Description of the Test. The complex perceptual-motor task in this 


study was a one hundred and eighty degree pivot right or left, followed by 
the chest passing of a regulation basketball through one of two basketball 
hoops situated to the right and left of the subject. (see Eigunes: rl, & 
EDS 

Two sub-tasks were identified for purposes of study. They were a 
pivoting movement right or left and a chest passing movement. 

A pilot study was conducted using twenty-four boys. These ten 
year-old boys were randomly assigned to one of three groups (control, pivot 
sub-task, or pass sub-task) and then the three groups were randomly assigned 
to tasks (whole, pivot, or pass). Two boys were tested each day for twelve 
days with approximately two hours alloted for each subject's training session. 
The pilot study was used to standardize test procedures, check-out the elec- 
trical equipment, and determine the number of trials needed to bring sub- 
jects to a stable performance level on the complex perceptual-motor task and 
its sub-tasks. 

Standardized instructions were given to the subject's in each of 
the three groups. One experimental group (N-30) was designated as the 
"Divot" sub-task group. They were given fifty trials on the pivot sub-task 
followed by fifty trials on the whole complex perceptual-motor tasl (See 
Appendix D for instructions to subjects). While this group practiced the 
pivot sub-task, the hoops and stimulus panel ("action" lights) used for 


the chest passing sub-task were covered (see Figure 4). After fifty trials 
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23 
on the pivot sub-task and ten minutes rest, the experimenter removed the 
covers from the basketball hoops and stimulus panel ("action" lights for 
chest pass sub-task). Instructions were given to the pivot sub-task group 
for training on the whole. 

This practice was followed by fifty trials of training on the com- 
plex perceptual-motor task (See Appendix D for instructions to pivot sub- 
task group for training on the whole task). 

The second experimental group (N-30) was designated as the "chest" 
passing sub-task group. They were given fifty trials on the chest passing 
sub-task followed by fifty trials on the whole complex perceptual-motor 
task (See Appendix D for instructions to the subjects). During chest pass 
sub-task practice the stimulus panel ("action" lights) for the pivot sub- 
task were covered (see Figure 8). After fifty trials on the chest passing 
sub-task and ten minutes of rest, the experimenter removed the cover from 
the pivot sub-task stimulus panel ("action" lights) and gave instructions 
for practice on the whole complex perceptual-motor task (see Appendix D for 
detailed instructions). This practice was followed by fifty trials of 
training on the whole complex perceptual-motor task. 

The control group was given seventy-five trials on the whole complex 
perceptual-motor task (see Appendix D for instructions to the subjects). 
Control group subjects were given a ten minute rest after the initial fifty 
tials or training: 

The testing time for each subject in all groups was approximately 
seventy minutes. This training time was divided into two sessions with 
ten minutes of interpolated rest. During the interpolated rest the exper- 
imenter supplied each subject with liquid refreshment. Discussions during 


the rest period were always centered-away from the training sessions. Each 


subject had only one training session. 
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FIGURE I - Subject In ''Ready"' 
Position For Whole 
Task Training 


FIGURE 2 - Subject Completing 
Pivot Sub-task 
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FIGURE 4 - Pivot Sub-task Training; 
Subject in ''Ready" 
Position 


A. Chest Pass Sub-task 
Apparatus Covered 


FIGURE 3 - Subject Completing 


A. 


Whole Task With 
Chest Pass Sub-task 


Ball Breaking Contact 
Switch 
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FIGURE 6 —- Stimulus ("Action") 
Lights For Pivot 


Sub-task 


A. Warning Light 
B. Left "Action" Light 
GC: =*Riehe Action” Light 


26 


FIGURE 5 - Subject Completing 
Pivot Sub-task Training 
Trial 


A. Right Foot On Contact 
Mat 
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FIGURE 8 - Chest Pass Sub-task 
Training, Subject In 
"Ready" Position 


AW. PivoteAction#sliights 
Covered 
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FIGURE 7 - "Ready" Position For 


Subject's Feet Prior To 
Performance Of Pivot 
Sub-task 


Magnets Taped To 
Subject's Running Shoes 
Reaction Time Impulse 
Coil 

Starting Line For 
Training 
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FIGURE 10 - Training Apparatus 


A. Contact Mats 

B. Adjustable Hoops 

‘he Adjustable Stands For 
Hoops 

D. Contact Switch Assembly 
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FIGURE 9 - Control Panel 


(Electronic Devices - 
AD, & GC, Ol Lop OF 
Control Panel were 
situalted within Panel 
during testing) 
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Time scores for training trials were obtained from three Standard 
Electric Chronoscopes. The obtained measure for reaction time on the 
pivot sub-task was designated as RT1 in the study; a movement time score 
for the pivot sub-task was designated as MT1; a chest pass sub-task measure 
was designated as CP-S; and a measure for the whole complex perceptual- 
motor task was designated as MT2. Additional time measures were obtained 
by subtracting the pivot reaction time (RT1) from the pivot movement time 
(MT1) to get a pivot movement time minus the reaction time (RT1). This 
measure was designated in the study as PMT; another time measure was ob- 
tained by subtracting the total time for the whole task (MT2) from the 
movement time on the pivot sub-task (MT1) to get a relative measure of 
chest pass sub-task time. This measure was designated as CP-W. 

The subjects in each group made certain errors in training which 
could not be detected electronically. These errors fell into four cate- 
gories: pivoting the wrong way, hitting the rim of the hoop, passing 
through the wrong hoop, and incorrect chest pass technique. 

Errors of this type were recorded on a Subjective Error Tally 
Sheet for each subject (see Appendix B). 

Description of the Subjects. The subjects used in the experiment 
were one hundred and fourteen boys (ten years of age) selected from the 
Edmonton Public School Board System. From this total, twenty-four boys 
were involved in the pilot study. These volunteer subjects were obtained 
from the class lists of five different elementary schools. Letters were 
sent to the parents of subjects. The letter (see Appendix B for detail) 


outlined the experiment and requested consent. 
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TABEEOVIl 


SUBJECTS FOR GROUPS AND THEIR AGES 


eee 


Control Group Pass Group-Experimental Pivot Group-Experimental 
Now Initials Age No. Initials Age No. Initials Age 
Yrs/Mo. Yrs/Mo. Yrs/Mo. 
L iP KGa t0=9 1 E.A. L0e5 1 Je Bs 125 
2 a. Be L0=s 2 N.B. 10-10 Z EBs 10=6 
3 De Bi = 1 3 Pea 10-6 3 Mobs 1O=3 
4 aos Oza 4 M.B. 9-10 4 G.C. 10-1 
5 Dees 10-4 5 Gea 10-4 5 Rg Bs 10=10 
6 Bebe Oat 6 nig abe 1O=3 6 A.E. 13-0 
7 Le Ce Oa 7 Sib. LO=L 1 ilies 1 O=2 
8 DriGe, 10-4 8 D.C. LO=0 8 R.G. LO=6 
2) B.C. LO—6 y Dec. 10-10 9 Hees 10-6 
10 Bok. tO-=9 10 G.C. LOS 10 Dace 10-3 
i Res LO=7 Hah A.E. 10=7 AUS CAG. LO=3 
12 tS LO ie Di. Be 9-10 iy AGS 10-4 
13 etl. 9=6 13 D.G. 10-6 13 Nite LO=Tt 
14 Bal. T1=0 14 Mou. 10-9 14 Be He LO=1 
Ness Ms Seal 45 aek 10-0 LS aisle 10-4 
16 Nem. 10-2 16 (Gaal 10=7. 16 Jeet LO=7, 
a7 Mem. 10=7 17 Deb. LO=5 7 W.J. zeal al) 
1s RM: y= Neal 18 C2M. 10-7; ER) Se HOT ent 
19 3. M. i (ia £9 G.O. 103 ibe, Brice Oa 
20 Vem. LO=> 20 E.R. LO=Z 20 Se clies 10-3 
Zk LSI SheIE 21 ak. 10-1 21 P aM tHONSS) 
Ze dye 1O= 3 22 Bens 1023 Ze DM. 1e=0 
23 Pools 1026 23 Bal. LO=5 23 Jee 10-6 
24 Dek. 10-8 24 eR. NO) 24 ReM. 10-4 
25 Dike =a tae) Deke. 10-6 25 Rok 16-7 
26 GoR. LO 26 Boos 10-9 26 Kae 10-4 
og Bao. 10-3 og Gale LO=10 oh Crate LO=/ 
28 Roo. Os. 28 Sal. oy 28 Bee 10=5 
29 K.W. DO eS) L.W. 1O=3 29 Meo. 10-6 
30 G.W. yy 30 inh Arn O=9 30 Nels. 10-6 
Tota bet O77, 314-10 Sede 


Mean 10-7 10-5 10-7 
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Each subject was asked to wear running shoes and a white T-shirt. 


Long or short pants were acceptable, The boys were in grade five or six 


at their respective schools and were free from physical and mental de- 


IEEXOVESS 


Assignment of Subjects to Groups and Tasks. The subjects were 
randomly assigned to one of three groups and then the three groups were 
randomly assigned to tasks. It was assumed that a random assignment of 
subjects to groups and tasks gave comparability, 

Experimental Design. The experimental paradigm consisted of 
three groups, two experimental and one control, Each of the three groups 


had thirty subjects. 


The three groups were randomly assigned to one of the three tasks, 


TABLE CELT 
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The number of learning trials for each of the two sub-tasks 
(pivot and pass) was set at fifty (pilot*study results) with®single trial 
performance times requiring up to two seconds with inter-trial intervals 
averaging about twenty-five seconds. Inter-trial intervals were used to 
read and re-set clocks and inform the subject of errors committed and/or 
comment on performance. 

The number of training trials for the whole complex perceptual- 
motor task was set at fifty for the experimental groups and seventy-five 
for the control. Fatigue factors due to task repetition were noted during 
pilot study and forced the investigator to set the whole task training 
for the control group at 75 trials. Single trial performance on the whole 
task required up to three seconds with inter-trial intervals averaging 
about thirty seconds. 

Four subjects were tested each day, six days a week, until all 
subjects had been tested. Subjects from different groups were tested 
daily on a rotating basis, whenever possible, so as to test one experi- 
mental (pivot sub-task), one control (whole task), then one experimental 
(chest pass sub-task). 

All subjects were motivated by making each training session a 
hypothetical game-like situation. This type of motivation was also sup- 
plemented with knowledge of results and frequent praise. 

The direction the subject would pivot (right or left) or pass 
(right or left) was randomly selected for sub-tasks and whole by coin 
toss (see Appendix © for detail). 

All subjects were tested at the Fitness Research Unit, Faculty 


of Physical Education, University of Alberta, Edmonton. 


Description of the Apparatus. The experimenter's part of the 
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test apparatus is shown in Figure 9. It consisted of a control panel 
which had three Standard Electric Chronoscopes (calibrated to 1/100 of 
a second) and a switch panel. 

The subject's part of the apparatus is shown in Figure 10. It 
consisted of a panel of instant neon stimulus lights for the pivoting 
sub-task (see Figure for detail); a platform with two large rubber mats 
on the right and left (see Appendix C for construction detail); two 
adjustable basketball hoops on vertical posts; and a second panel of instant 
neon stimulus lights used for the Chest Pass Sub-task (see Appendix C for 
detailed schematics of test apparatus). 

In operation, the experimenter would press a warning button one 
to four seconds before switching on the stimulus "action" lights, which 
were always pre-set for right or left according to trial order for dir- 
ection schedule (see Appendix D for detail). All clocks started auto- 
matically when the stimulus lights were activated. One set of stimulus 
("action") lights directed the subject to pivot right or left. (see 
Figure 6). A second set of stimulus “action” lights informed the subject 
to which basketball hoop he should direct his pass (see Figure 8 and note 
stimulus panel directly in front of subject). The subject would respond 
to the stimulus "action" lights by pivoting left or right as indicated, 
or by passing the ball through the right or left basketball hoop. 

Pivoting on to a rubber contact mat on the platform would stop 
one of the clocks (see Figure 2 and note subject's right foot on rubber 
mat), while a second clock was stopped when the basketball passed through 
a hoop into a net (see Figure 3). The third clock was used to measure 
reaction time for the pivot task. When the subject's foot moved, the 
electromagnets attached to them produced a pulse in the coils (see Figure 


7 for detail) and this pulse was amplified and applied to the GTO2 (see 
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electrical schematic in Appendix C for detail). Turning it on pulled 
in a relay and stopped the reaction time clock. The clocks were read 
after each trial and the magnetic switch on the basketball hoop was put 
back into position (see Appendix C schematic detail on breaker switch 
for hoop). The apparatus was then ready for the next trial. If a clock 
failed to stop during a trial the subject was told to stop and the trial 
was repeated. 

Statistical Treatment. Results obtained from electric chrono- 
scopes were grouped into blocks of five trials and analyzed. Graphs using 
means and standard deviation were plotted. The means for groups were 
compared using "t'' tests to see if training on sub-tasks was more or less 
beneficial than training on the whole complex perceptual-motor task. 

Transfer effect of sub-task training was evaluated using ''t"’ 
tests of means and transfer effect formula (after Gagne, Foster, and 
Crowley 47:97). 

A subjective assessment of errors was plotted graphically and 
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CHAPTER IV 


ANALYSIS 


Results 

Sub-task Training. The general effects of sub-task training on 
whole task performance are pictured in figures 11, 12, 13, 14 and 15. 

In figure 11, the training effects of sub-task pass practice over 
100 trials are plotted. Mean performance time and standard deviation 
are presented on the vertical axis and trials on the horizontal axis. The 
mean performance time for trials 1-5 was 4.545 seconds and 3.734 seconds 
for trials 45-50. The learning score (see Appendix A for formula) for 
sub-task chest pass (CP-S) training was a time decrease of .811 seconds 
for 50 trials. The whole task chest pass training time (CP-W) was 4.264 
seconds for trial 1-5 and 3.069 seconds for whole task training trials 
45-50. The learning score for whole task chest pass (CP-W) was a time 
decrease of 1.195 seconds. The learning score over 100 trials of training 
was a time decrease of 1.486 seconds. Mean performance times for chest 
pass training showed a gradual decrease with the exception of trials 51-55. 
Mean chest passing time increased .530 seconds in trials 51-55 over trials 
46-50. The whole complex perceptual-motor task was introduced at trial 
51 after a 10 minute interpolated rest. The standard deviation for chest 
passing performance was greater on the whole task than when performed as 
a sub-task at all trial levels except 66-75. 

The effect of practice on reaction time (RT1) over 100 trials as 
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performed by the sub-task pivot group is displayed in figure 12. The 
reaction time learning score over 50 trials of sub-task pivot training 
was a time decrease of 1.030 seconds and .371 seconds over 50 trials of 
whole task training. The learning score over 100 trials of training was 
a time decrease of .882 seconds. Mean reaction time was slightly higher 
during whole task training except for trial levels 51-65. At these levels 
the mean reaction time was lower when compared with trials levels 1-15. 
Mean reaction time in whole task training never decreased to the level 
previously achieved in sub-task pivot training. The standard deviation 
of reaction time performance decreases noticeably from trials 1-15 after 
which little change is perceptable. Performance fluctuations occurred 
between blocks of 5 trials with the most notable variation occurring at 
trial level 51-55 after interpolated rest and introduction of the whole 
complex perceptual-motor task. 

Figure 13 provides information on the effect of training on pivot 
movement time (PMT) over 100 trials as performed by the sub-task pivot 
group. The PMT learning score was a time decrease of .627 seconds over 
50 trials of sub-task pivot training and .004 seconds over 50 trials of 
whole task training. The PMI learning score over 100 trials was a time 
decrease of .356 seconds. Performance fluctuations occurred between trial 
means during sub-task pivot training as time scores gradually decreased. 
PMT time scores during whole task training never decrease to the level 
achieved during sub-task training for trials 26-50. 

The effect of practice on movement time on (MT2) over 100 trials 
as performed by the sub-task pivot group is presented in figure 14. The 
MT1 learning score for 50 trials of sub-task pivot training showed a time 
decrease of 1.721 seconds and decrease of .211/ seconds for 50 trials of 


whole task training. The learning score over 100 trials showed a time 
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decrease of 1.273 seconds. Mean performance times for MT1 decreased 
gradually after initial rapid improvement in trials 1-15 of sub-task 
training. The gradual decrease of MT1 performance scores was interrupted 
by the introduction of whole task training. Mean MT1 increased .765 se- 
conds from trials 46-50 to 51-55. Slight decreases for time scores were 
noted in trials 51-100 but these performance levels during whole task 
training never reached the level of performance previously achieved during 
sub-task training trials 21-50. Standard deviation of MT1 scores decreased 
systematically during sub-task training and then fluctuated erratically 
during whole-task training. 

The }curves of figure 15 display the results of 75 trials ot 
training by the control group on the whole complex perceptual-motor task. 
The learning score of the control group for the total task was a time de- 
crease of 6.026 seconds for 50 trials of practice and 6.409 seconds for 
75 trials. Mean performance time dropped sharply from trials 1-35 then 
gradually throughout the remaining training trials. Mean performance time 
increased .224 seconds after interpolated rest. The standard deviation 
of performance decreased throughout 75 trials of training. 

Transfer Effect (RT1). The transfer effect of sub-task training 
for reaction time (RT1) is summarized in Table IV. 

TABLE IV 
THE TRANSFER EFFECT OF REACTION 


TIME AND ITS CONTRIBUTION 
TO TOTAL LEARNING 


Whole Task 
fa P * 
Group Tetate ales Transfer Percentage 
Sub-Task Pivot 3.445 84.9 7 
Sub-Task Pass ipa A) 2 fs 
Control 3.514 82 vf 
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FIGURE 22: RELATIONSHIP BETWEEN SUBJECTIVE ERRORS AND MEAN 


PERFORMANCE TIMES (MT.) FOR EXPERIMENTAL PIVOT, 
EXPERIMENTAL PASS AND CONTROL GROUP 


_, LLL 
° RS 


43 


ki 
Nt 


40 2JAIAT VTLS A 3V0 eHOANS JATOT“Y MAT BOHR witaaaye 4S 4d | - ; 
2JA1AT A3V0 BAIMIART GUORO JONTMOD .OUIMIAAT AZAT LION : 7 


JOIRATMOD aT = [2 7 Dor 


rovi"G 
eas —-— 
JOST D -1e02 


44 

The percentage of transfer scores presented represent the degree 
to which transfer, as distinguished from direct practice, has contributed 
to total learning. The limit of learning (the 100% point) was estimated 
bysusing the best RI1 score for five trials (After Gaene 517207 — see 
Appendix A for formula). The control group transfer effect (hypothetical) 
was also calculated to see if training on the whole was as beneficial as 
sub-task training. Analysis of reaction time results indicate that the 
training the pivot sub-task group received contributed 84.9% to whole task 
learning, chest pass sub-task training contributed 52% to the total, while 
the control group had achieved 82% of the possible learning after 50 trials 
of whole-task training. 

The reaction time scores for three groups were compared graphically 
(see Figure 16). Control group whole-task training for trials 51-75 was 
plotted on the graph to illustrate the training results after COMPARABLE 
numbers of training trials between groups. Figures 17, 18, 19 and 20 also 
picture this comparison but for different electronic measures. 

Reaction Time (RT1) Comparisons Between Groups After Whole Task 
Training. Tables V, VI, and VII provide a comparison of reaction time (RT1) 
results at equivalent five trial intervals over 50 trials of training on 


the whole complex perceptual-motor task. 
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TABLE V 


COMPARISON OF REACTION TIME ONE BETWEEN 
CONTROL AND SUB-TASK PIVOT 
GROUPS OVER TRIALS 1-50 


Se eS eee ee en eee Nt Lee Sat ee eae 


dbicaleus Control Pivot D See t 
Mean Mean 

1-5 Die 43 32445 2.098 .660 3.180%** 
6-10 4.146 Se 4s) Se Pal .249 3.704** 
11-15 32945 Belay, .698 SLL DBRS i ea) 
16-20 tes 3.520 .808 #206 3.020%** 
21-25 4.186 33.308 .818 woz 3.0246 
26-30 Seas) 3.262 -443 SAS) 1.968 
31=35 SW Shey 83229 wl 20S Tar 
36-40 35303 3559 e203 199 UZ 
41-45 S274 Sion keys ele 7, eLt3 .676 
46-50 3.278 3.074 204 ME ey 1,088 


**Significant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 


Table V indicates clearly that the sub-task pivot group was sig- 
nificantly superior over the control at trial intervals 1-25. Reaction time 
means between control and sub-task pivot did not differ significantly over 


trials 26-50. 


TABLE VI 


COMPARISON OF REACTION TIME ONE BETWEEN 
SUB-TASK PASS AND SUB-TASK PIVOT 
GROUPS OVER TRIALS 1-50 


eas Pass Pivot D Soltis ie 
Mean Mean 

1-5 4.270 Se tts) Riese) eee 2207 
6-10 300. B22) - 140 Aes! ,133 
11-15 3.789 SANT see . 269 .O15 
16-20 3.658 34326 roe eee ae | ous 
21-25 Bepoe 3.368 . 384 .240 1.598 
26-30 B.DL9 3.202 Aes | Hp All's) D087, 

31-35 2622 Beeeo -393 sL9O 7 1.997 
36-40 SPATS) Se hey, les 4 a5 3/65 
41-45 3. DZ26 Selo, 009 woe bua iS) 
46-50 3.309 Breen ease) 16 12329 


*Significant at the .05 level of Confidence 


aoe 
7 
7 
‘ ~- : — nee _ r ra : EERE HS 
Lie dae. 800.6 eink. Fag,2 | 
a Rac. £se, ecint “4 
.$ VS; 30d. } 7 ees 
d80,€ ads. ROB. Oke a> Hg 
#Aga.E cr. BAB, a 
ane ' age. - Edd. | ya af 
Ves. 208. cat, RSSVE rE 
ASO.1 bes, 0S. R2d.< Cate 
ava. evr. Vit. yee. € DAS 8 
820, 5 Tel. AOS, MiO.€ i te 
sipsbkinod te foveal £0, ofa Je Jueortin oe 
soaebtinop to Jsvel @0. sda ae 3m i 
-gte siw que1g joviq Aest- Basis adi jeds yinsolo setevtbnk® V eldest 
4 
amty voksseef \@S-I elpvreso! [ol is fownes edd seve tokveque a 
weve. vidosoliingia Yetilb ton bib Joviq deei-due bas Lovsaeo eos 
ORS 
LV  SdaaT 
7 
VIRNTIA AMO SMIT MVOLEDATA WO: 2THAIMOD 
TOVIT HeAT Ae: ee ag AZAT+EU2 ve auld 
O@-! BIATAT AIVO SION 
7 


46 


Table VI shows that the sub-task pivot group had significantly 


superior reaction performance over the sub-task pass group during trials 


Significant differences were not noted between the two groups over 


COMPARISON OF REACTION TIME ONE BETWEEN 
CONTROL AND SUB-TASK PASS 
GROUPS OVER TRIALS 1-50 


TABLE VII 


1=5. 
trials 6-50. 
Welalls Control 
Mean 
1-5 DO 4 3 
6-10 4.146 
11-15 3. 945 
16-20 A. LSS 
21-25 4.186 
26-30 Shee) 
31-35 Sectors 
36-40 32509 
41-45 Saye 
46-50 Be216 


*Significant at the .01 level of Confidence 


Pass 


ic 
o 
ty 
1B} 


WWWWWWwWWWwWW 


2270 
5 She) 
Shes) 
658 
coe 
eel) 
O22 
SPAS: 
3920 
eo09 


2030 


Amore 


nl58 


Table VII displays clearly that the sub-task pass group had sig- 


nificantly superior reaction time in trials 6-10. 


ences between these groups were not significant. 


Otherwise mean differ- 


Tables VIII and IX present a comparison of reaction time (RT1) re- 


sults between control and experimental groups after COMPARABLE numbers of 


training trials. 
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TABLE VIII 


COMPARISON OF REACTION TIME ONE BETWEEN 
CONTROL AND SUB-TASK PIVOT GROUPS 
OVER TRIALS 1=25/51-75 
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me 


Wesley Ik Eanviojt diigaletil Control D Seu 

Mean Mean 
1-5 3445 51-55 Sec .069 5H 
6-10 36 BES 56-60 3.368 ANS pelea 
11-15 3) A) 61-65 Be 59 Oat 2192 
16-20 Bh 5 SWAG 66-70 3.409 .083 2183 
21-25 B06 71-75 S573 .195 L192 

TABLE IX 
COMPARISON OF REACTION TIME ONE BETWEEN 
CONTROL AND SUB-TASK PASS GROUPS 
OVER TRIALS 1-25/51-75 

iiesteul Pass Melee Control D Sil 

Mean Mean 
1-5 4.270 51-55 Bo eet 5155 5 Ait 
6-10 34369 56-60 Be Slave) S008 alka 
11-15 3.789 61-65 3). PAY) 5 Sl e202 
16-20 BROS 66-70 3.409 .249 239 
2-25 Be PS 71-75 Shalev -580 Pay 


*kSienificant at the .01 level of Confidence 


Results in tables VIII and IX show that trial reaction time means 


were insignificant after comparable training except at trial levels 21-25/ 


Cid ea ae de 


level of confidence. 


Transfer Effect (PMT). 


for pivot movement time (PMT) is summarized in Table X. 


At this level the control group was significantly better at the .01 


The transfer effect of sub-task training 
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TABLE X 


THE TRANSFER EFFECT OF PIVOT 
MOVEMENT TIME AND ITS CONTRI- 
BUTION TO TOTAL LEARNING 


SS a a ee 


[Se ee a a ee ae Oe ee Ere ek ee ee ee a ee ie ee ee Ss 


Group Whole Task Transfer Percentage * 
Trials 1-5 (Contribution to Total Learning) 
Sub-Task Pivot 2.219 lio, 
Sub-Task Pass 3.428 LASTS 
Control 2. 36a) Shah 


(Comparable Training) 


*Limit of learning for PMT - 2.099 

The transfer effect of sub-task training for pivot movement time 
(PMT) is summarized in Table X. Results indicate that pivot sub-task 
training contributed 91.5% to whole task pivot movement time learning, 
chest pass sub-task training contributed 12.7% to the total, while the 
control group had achieved 81.4% of the possible learning after 50 trials 
of whole-task training. 

Pivot Movement Time (PMT) Comparisons Between Groups After Whole 
Task Training. The PMT scores for three groups were compared graphically 
(see figure 17). The sub-task pivot group shows a plateau or asymptotic 
effect for PMT while the other two groups show gradual time decreases in 
trials 1-20 after which a plateau effect was noted. 

A comparison of PMT results at equivalent 5 trial intervals over 


50 trials of whole-task training is summarized in Tables XI, XII, and XIII. 
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TABLE: XI 
COMPARISON OF PIVOT MOVEMENT TIME 


BETWEEN CONTROL AND SUB-TASK 
PIVOT GROUPS OVER TRIALS 1-50 


a ee Fe ee ee a ee eee eee eee eee 


Trials Goniteionl: Pivot D Sis Er t 
Mean Mean 
= 3.908 229 M288 22 WES We kas 
6-10 S504) Pe Oy A -976 ~229 4,261** 
LL=15 3.083 2235 .849 163 5.198** 
16-20 Zehr 2139 .348 eee: 2.479% 
21-25 eee tS 2.106 Wee! ae 1.689 
26-30 2D Lb DeLee 2307 2133 2.918%** 
3£=35 24538 2 #109 -429 Abe 2.805** 
36-40 2 we ii. Zallio/ 305 Rls 2.222% 
41-45 22601 Aes Sigh wD0Z Raleays: 3.289%** 
46-50 DRETE GES, 2 2 .208 .169 eee 


*&*Significant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 


Table XI displays clearly that the sub-task pivot group was sig- 


nificantly superior over the control at all trial levels except 20-25 and 


46-50. 
TABLE XII 
COMPARISON OF PIVOT MOVEMENT TIME 
BETWEEN SUB-TASK PASS AND 
SUB-TASK PIVOT GROUPS OVER 
TRIALS 1-50 
Trial Pass Pivot D Siiliire t 
Mean Mean 
1=5 35428 2219 ive Ofte) 2 3.638%** 
6-10 2B 2207 ki lie We, .194 3.846%** 
de) Dial Oe. 262235 467 RENO) 1.944 
16-20 Dew S ap ae) -439 206 201 30> 
21-25 2.484 27106 378 "eZ 1.696 
26-30 2 O20 Zolee 398 202 1.966 
S135 wae lis oe Log e202 . 196 17030 
36-40 2.680 shee Ws Sone! «234 2.190% 
41-45 2 LO 2.099 Revel: eae) 1.962 
46-50 2.469 Dae MNS) oo -190 bes ae 


I I II II III Ii I I 


*kSignificant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 
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It can be observed in Table XII that the sub-task pivot group 


had significantly superior PMT performances during trials levels 1-5, 6-10, 


16-20, and 36-40. 


TABLE XIII 


COMPARISON OF PIVOT MOVEMENT TIME 
BETWEEN CONTROL AND SUB-TASK 
PASS GROUP OVER TRIALS 1-50 


Trials Capital = xX Pass X D S.E. i 

i) B08 3.428 .080 -408 Lo 6 
6-10 S047 2016 eae Ad bal -856 
i= 3.083 Deo LOU 2202 7265 1.442 
16-20 Deas 2.078 090 212 427 
21—25 22343 2.484 142 ~230 615 
26-30 Zeyuo Je VAS 010 F210 049 
S1=—35 2a 36 2c LZ 226 207 L092 
36-40 Dele] 2 2.680 207 257. 875 
41-45 2.601 hey 3) IN0) O91 Pa 409 
46-50 Qe 3 2.469 046 29 1. o243 


Table XIII indicates that differences between groups on PMT were 
not significant throughout 50 trials of whole-task training. 
Tables XIV and XV provide a comparison of PMT results between con- 


trol and experimental groups after COMPARABLE numbers of training trials. 


TABLE XIV 


COMPARISON OF PIVOT MOVEMENT TIME BETWEEN 
CONTROL AND SUB-TASK PIVOT GROUPS 
OVER TRIALS 1-25/51-75 


trials Pivot iacaeanlls Control D See he t 
Mean Mean 

Ls De2l9 51-55 26361 PAZ lod .881 

6-10 Dag. 56-60 Dee ao .168 ps 3 / eee 6 

11-15 hai ie fs) 61-65 2.458 w220 143 15563 

16-20 2. 39 66-70 Deo 206 $142 .749 

21-25 2.106 71-75 2.408 Ue Shp lh Loo 7, 
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TABLE XV 


COMPARISON OF PIVOT MOVEMENT TIME 
BETWEEN CONTROL AND SUB-TASK 
PASS GROUPS OVER TRIALS 
1-257 50-75 


er ee Fe ee ee a Se ee ee ee een 


MeL aus Pass Trials Control D Silive iE 
Mean Mean 

a a SS ee ee ee ee ee ee eee 
1-5 3.425 51-55 2.30. E.067 SOT 3.170** 
6-10 oe ole 56-60 22236 SEE .198 2.909** 
11-15 Zeid 61-65 2.458 eee neg Ses ye .963 
16-20 2a] 8 66-70 26249 eS) e2dZ 1566 
21-25 2.484 Ti=75 2.468 -077 age | “o2o9 


**kSignificant at the .01 level of Confidence 

Tables XIV and XV present differences which are insignificant at 
all levels except trials 1-10/51060 in Table XV. At these trial levels 
the control group was significantly better than the sub-task pass group. 

Transfer Effect. The transfer effect of sub-task training for Move- 
ment Time One (MT1) is summarized in Table XVI. 

TABLE XVI 
THE TRANSFER EFFECT OF MOVEMENT 


TIME ONE AND ITS CONTRIBUTION 
TO TOTAL LEARNING 


Group Whole Task Transfer Percentage* 
Drial 125 (Contribution to Total Learning) 
Sub-Task Pivot Spa eh} 98.12 
Sub-Task Pass 7.664 36.34 
Control-Comparable Deer) 82.8% 
Training 


nnn nnnnn nnn nne EE nTIITEI SI SnSnS SSIS 
Ee See eee Se ee 


*Limit)of learning for MP1 - 5.220 


Results indicate that pivot sub-task training contributed 98.1% 


to whole task learning, chest pass sub-task training contributed 36.3% 


vee. Fd0,£ . et ot Bhe.e 
Ber. Ke, BFS.& 08-02’ afs,.2 


Gs. beS. 28.8 conlS for. 
Sig. Bees. ~ /@AS.E | Ot=88 82.8 - 
TOE. v¥O. Bas, s oi os aN 686.6 


ee =~ 4G it af PR Te ee TD he 


sonebitnad Yo fsvsl [0. odd ta tapolth 
ts. Japottingtent ovs dotiw asonsisttib tasgoxvq VY hae VIX eofdaT 


alevel isivd stadt 2A .VX sidet ol O8OL2\Ol-L eleiad tqssxe aie 
, 
~Que7g ezsq Aass~due ada cadd s93949d ylonsotiiagie saw quorg-~ ford oo siz 


-a¥OM tot aainiays sesa-dye Qo jo91ts ystenexy soT .398378 rstenext ae 
a: | © 


IV ede nt bast4eumie et (lee) Bee 
ivx auaaT : 
THEMBYOM FO POSTS AWZMART BRT 


MOITUEISTAOD STI GuA BO auiT . 
SVIMHAL.L IATOY OT 7 


a re 


*ageinests4 (Stenes7 . HeaeT Slorl 


(gnimsnat IetoT oft. nat sedirine®) ef feiz?. ‘ 


 Rp.ge £0z.2 sovkd eel 


RE Le | REL. 


a2 
to the total, while the control group had achieved 82.8 of the possible 
learning after 50 trials of whole-task training. 


Movement Time One Scores (MT1) Comparison Between Groups After 


Whole Task Training. The MT1l scores for three groups were compared 
graphically (see Figure 18). 

The sub-task pivot group displayed a plateau or asymtoptic effect 
for MT1 over trials 1-50. The control and sub-task pass group had marked 
decreases in MTl scores in trials 1-10 after which gradual decreases are 
apparent. The control groups performance on trials 55-75 pictures a 
plateau effect. 

Tables XVII, XVIII, and XIX display MT1 results at equivalent 


five trial intervals over 50 trials of whole-task training. 


TABLE XVII 


COMPARISON OF MOVEMENT TIME ONE BETWEEN 
CONTROL AND SUB-TASK PIVOT GROUPS OVER 


TRIALS 1-50 
trials Controw PAvVot D Slits ie 
Mean Mean 

1-5 9.050 5O9o 3.2497, “foul Wy 4.230%* 
6-10 J L60 52.328 esol ~oL0 5 .904** 
11-15 7.059 5.484 Lov 310 5.07 3"* 
16-20 6.684 5.460 e224 282 4.336%** 
AD Nesey Geo o2 Hea Gk 1051 310 3.393** 
26-30 6.240 5.390 .850 eee 3.749%* 
31-35 5.839 Bi PALS) 594 E2UG 2.856%** 
36-40 5 Ooi Secou epee a 5204 Ve he kaka 
41-45 5.889 5.220 . 669 2 3.890** 
46-50 52700 5223 0 eee eee} 2.169% 


**Sienificant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 
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Table XVII displays clearly that the sub-task pivot group was 
significantly superior at all trial levels. 
TABLE XVIII 
COMPARISON OF MOVEMENT TIME ONE BETWEEN 


SUB-TASK PASS AND SUB-TASK PIVOT 
GROUPS OVER TRIALS 1-50 


a 
@ 
inh) 
is) 
K-4 
i) 
fo 
=) 


3 


7.664 Saje fe 2.070 ae eT | 3.857%* 
6-10 6.180 5.328 852 ~220 3.879** 
11-15 6.494 5.484 1.010 . 308 3.273** 
16-20 6.222 5.460 762 -265 2.28) 5%% 
ra aay Ae 6.240 5.481 759 241 3.143** 
26-30 6.011 3-390 621 236 2.631%* 
31-35 72929 5.245 684 Bree, 2 .988** 
36-40 6.056 5.260 796 .298 2.6/5%* 
41-45 6.035 5.220 815 229 3..563%* 
46-50 5.747 55276 2815 .220 2.138% 


**Significant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 


Table XVIII figures indicate that the sub-task pivot group was sig- 


nificantly superior over the sub-task pass group at all trial levels 1-50. 


TABLE XIX 


COMPARISON OF MOVEMENT TIME ONE BETWEEN 
CONTROL AND SUB-TASK PASS GROUPS 
OVER TRIALS 1-50 


Trials Control Pass D Slept t 
Mean Mean 
a ee ee a a ene ne en 
1-5 9.050 7.664 1.387 -960 2.831** 
6-10 7.160 6.180 .979 - 346 1.444 
11-15 7.059 6.494 565 «OL 1.444 
16-20 6.684 Sb .222 -462 ~324 1.42% 
21-25 6.532 6.240 293 . 328 892 
26-30 6.240 6.011 229 a ae .844 
31-35 5.839 5.929 .O091 . 867 ee hs 
36-40 5.831 6.056 eee 299 a ba 
41-45 5.889 6.035 -146 236 -615 
46-50 5.700 5.747 -047 . 208 i ae 2 


re eee 
*kSignificant at the .01 level of Confidence 
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54 
The control group performed significantly better than the sub-task 
pass group at trial level 1-15 as pictured in Table XIX. Differences were 
not significant at subsequent trial levels beyond trial 15. 
A comparison of MT1l results between control and experimental groups 


after COMPARABLE number of training trials is presented in Tables XX and XXI. 


TABLE XX 


COMPARISON OF MOVEMENT TIME ONE BETWEEN 
CONTROL AND SUB-TASK PASS GROUPS 
OVER TRIALS 1-25/51-75 


leiateons Pass ibenieuks Control D Syl Bis te 
Mean Mean 

1=5 7.664 51-55 S207 7 is fas Apo Roe) 3. 330%% 

6-10 6.180 56-60 Syeeyel) -596 Ee aS) 2.667** 

11-15 6.494 61-65 7046 847 PAS) S 2.0/3%% 

16-20 Onc2Z 66-70 5.629 F2I) aay) Pepe Ps 

21-25 6.240 Ji=75 DOU Ae he) si APA 2.995%** 


*&*Significant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 


The control group was significantly superior over the sub-task pass 


group at all levels compared as represented in Table Xx. 


TABLE XXI 


COMPARISON OF MOVEMENT TIME ONE BETWEEN 
CONTROL AND SUB-TASK PIVOT GROUPS 
OVER TRIALS 1-25/51-75 


Trials Pivot tires Control D Sali i 
Mean Mean 

1=5 see 51-55 eye iil OD . 180 Doe: 

6-10 by reael 56-60 5uoGS “250 LO i es Bw AF 

11-15 5 4o4 61-65 5.646 .163 apes ~935 

16-20 5.460 66-70 D429 169 ayes -976 

21-25 5 AOL 71-75 5.560 .079 . 200 .398 
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5 
The mean differences between control and sub-task pivot groups 


present in Table XXI were insignificant. 


Transfer Effect (CP-W). The transfer effect of sub-task training 


for chest pass time is summarized in Table XXII. 


TABLE XXII 


THE TRANSFER EFFECT OF CHEST 
PASS TIME AND ITS CONTRIBUTION 
TO TOTAL LEARNING 


Group Whole Task Transfer Percentage* 
Trials 1-5 (Contribution to total Learning) 
Sub-Task Pivot 4.078 Bie 2/6 
Sub-Task 4.264 Le 27h 
Gontrol 2.964 S4257 


(Comparable training) 


*Limit of Learning for CP-W-2.481 

The transfer effects of sub-task training for CP-W are displayed 
in Table XXII. Results indicate that pivot sub-task training contributed 
48.2% to whole task learning, chest pass sub-task training contributed 
42.2% to the total, while the control group had achieved 84.3% of the pos- 
sible CP-W learning after 50 trials of whole-task training. 

Chest Pass Time Scores (CP-W) Comparisons Between Groups After 
Whole Task Training. The CP-W scores for three groups were compared 
etaphically in figure 19. 

The pivot group had better performance times than the control or 
sub-task pass group through trials 1-50 of whole-task training as pictured 
in figure 19. The control group has the better performance curve when 
comparable training trials are plotted. Marked decreases in time scores 


for all groups was noted in trials 1-10. In trials 11-25 slight decreases 
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are noted as performance improves. 


levels beyond 25 for all groups. 


whole-task training is summarized in Tables XXIII, XXIV, and XXV. 
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A plateauing effect was noted in trial 


A comparison at equivalent 5 trial intervals over 50 trials of 


COMPARISON OF CHEST PASS TIMES 
BETWEEN CONTROL AND SUB-TASK 


TABLE XXIII 


PIVOT GROUPS OVER TRIALS 


1-50 
Control IPaAVOE D 
Mean Mean 
x. DO7 aeO79 1.488 
Siow 2atD2 1.068 
BOO 34207 7573 
3.366 26991 SOI) 
Be Lae 2.502 584 
3095 De OO oo95 
2.918 2.605 “295 
Bi5 70) e042 . 169 
BUZS 2.834 Be ede, 
2.989 22074 316 
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*kSignificant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 


Results depicted in Table XXIII show that the sub-task pivot group 


was significantly superior at trial levels 1-15, 21-30, and 46-50. 
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58 
The control and sub-task pass group means summarized in Table XXV 
are not significantly different except at trial interval 1-5. At this 


Stage the pass group is superior. 


A comparison of CP-W results between control and experimental 


groups after COMPARABLE numbers of training trials is displayed in Tables 


XXVI and XXVII. 


TABLE XXVI 


COMPARISON OF CHEST PASS TIMES 
BETWEEN CONTROL AND SUB-TASK 
PIVOT GROUPS OVER TRIALS 


1=25/51-75 
a ee 
ER en ee ee 
Metals Giaisis tienes Control D See \e 
Mean Mean 


Ss gece ee ee 


i=) 4.264 2.964 1.114 godt 4.794%% 
6-10 3.366 22995 241 e217 is 34) 
11-15 3.431 20026 “ong ~245 2.459% 
16-20 3.145 2.481 coil »204 35257%*% 
21-25 22049 2-079 sii7 .207 roLg 


gg Rs Eee we op 
5G a ea ae ae EE RO RES ONS ae 
**Significant at the .01 level of Confidence 


* Significant at the .05 level of Confidence 


The control group, as shown in Table XXVI, was significantly sup- 
erior at trial intervals 15 and 11-20. 


TABLE XXVII 
COMPARISON OF CHEST PASS TIMES 


BETWEEN CONTROL AND SUB-TASK 
PASS GROUPS OVER TRIALS 


1~25/51-75 
Uriais Pivot threat euiles Control D Sraline ts 
Mean Mean 
1-5 4.079 51-55 2.964 BLA S10x0)} -192 5 .803** 
6-10 Tae Nays: 56-60 2-985 Few aS 16285 
11-15 By AO 61-65 2.828 «603 190 2.000* 
16-20 2.991 66-70 2 AOL 664 palyfal 2.995** 
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*kSienificant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 
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58 
The control and sub-task pass group means summarized in Table XXV 
are not significantly different ESdesiic Bie irenell ateyeeiayedl as, Ave slant] 


stage the pass group is superior. 


A comparison of CP-W results between control and experimental 


groups after COMPARABLE numbers of training trials is displayed in Tables 


XXVI and XXVII. 


TABLE XXVI 


COMPARISON OF CHEST PASS TIMES 
BETWEEN CONTROL AND SUB-TASK 
PIVOT GROUPS OVER TRIALS 


1-25/51-75 

ibealeule Pivot Trials Control D Srr tz 

Mean Mean 
1-5 4.264 51-55 2.964 eas S27 ol 4.794%* 
6-10 3.300 56-60 2.995 5 bal. ea be34h 
dal —15 3) 54Bil 61-65 Do GAS 379 245 2.459% 
16-20 3.145 66-70 2.481 sSiuil e204 3.5 AD 5s 
21-25 2.849 71-75 2.679 melanie, 5 AQT .819 


*kSignificant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 


The control group, as shown in Table XXVI, was significantly sup- 
erior at trial intervals 1¢5 and 11-20. 
TABLE XXVII 
COMPARISON OF CHEST PASS TIMES 


BETWEEN CONTROL AND SUB-TASK 
PASS GROUPS OVER TRIALS 


1-25/51-75 
Trials Pass Trials Control D Sie ie 
Mean Mean 
1-5 4.079 51-55 2.964 ihe, SOW I? 5.803** 
6-10 PETS) 56-60 2.985 5 lt 4 1s} 7/ IW ASS) 
11-15 3.207 61-65 2.828 BOWS .190 2.000% 
16-20 2.991 66-70 2.481 .664 lel 2.995%** 
21-25 2.562 71-75 2.679 PLO) 5 SS} ALG 


*kSignificant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 
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In Table XXVII the control group was significantly superior at 
Erial intervals 1-5 and 11-20. 
Transfer Effect (MT2). The transfer effect of sub-training for 


movement time two (MT2) is summarized in Table XXVIII. 


TABLE XXVIII 


THE TRANSFER EFFECT OF MOVEMENT 
TIME TWO AND ITS CONTRIBUTION 
TO TOTAL LEARNING 


a a ee 


Ceaup Whole Task Transfer Percentage* 
iriats 1-5 (Contribution to Total Learning) 
Sub-Task Pivot 9.626 ays 
Sub-Task Pass L139 25 40.6% 
Control 8.876 855% 


(Comparable Training) 


*Limit of Learning for MI2 - 7.894 

The transfer effects of sub-task training for MI2 are presented 
in Table XXVIII. Pivot sub-task training contributed 74.4% to whole task 
learning, chest pass sub-task training contributed 40.6% to the total, 
while the control group had achieved 85.5% of the possible MT2 learning 
atter 50 trials of whole—-task training. 

Movement Time Two (MT2) Comparisons Between Groups After Whole Task 
Training. The MT2 scores for three groups was compared graphically in 
figure 20. Marked decreases in time scores for all three groups was evi- 
dent at trial intervals 1-10. Gradual decreases in time scores were noted 
in trials 15-35 followed by time score increases in trials 36-40. Stabil- 
ization of performance was noted in trials 41-50 with slight time decreases 


for the pivot and control groups. Control group time scores decreased 


systematically in trials 51-75. 


- a sk ee haan oh 6 sa maiaheet ean 
= Piers D cD - ma ; ‘oo CRN? & 


ES 7 : . 7 


1LIVEX / SUBAT 


THRMAVOM FO TAT aaieMast SHT 
WOLTUATATUOS 2TT GMA OWT aMIT 


OMUIMAARS IATOY OT ’ 

- 7 

a TE ee = aA = _, 
*egpIns9794 qsteneiT —, daeT atoll quoxd: | 
(sninvesl IsdoT 039 notaudiydu0d) ef aletat | pee 
a se cee eet eat LO CLO ELL LALLA - —— ; 
, 

ALAN aca.e jovid a8 iar 

fa. 98 ace, hi eest des a 


$2. 28 ave.8 2 sit 7 
(goletst? oft | 


0. Se ae 

betaseotq sas STM rot antnisrs tesa-dve to etosiis tstens1a sat ton i 

Hest sforw o1 SA.M) badudhs dno guinieya Jesi-dua tovid -TLIVEX older at 

,fs103 oft o¢ £3.08 baduditiges ghintsts aAesi~due esq sat Voor 
gnimiael STM afdteeeq edt to X@.28 baveidos bed quo Torsn09 93 | 

.gainisst dest-slodw to afets3 0@ ee 


dast slo 1533A 2 (STM) mevo! 
nt vilsoidqsta beirsqmos esw nayeits ahierd arene STM sAT "one 
-tve esw equorg setds Ife rol wodpse ants Hes RehGhdex, bsdreM = .08 a 
betom stew xet0s2 omia at pagans iaubade’ .OL-L aflevistit a ey 
=fhdaa2) 08-98 efotsd nt ‘ssesotont os098 paioie emna 
asepetosb emit anette ashi Oe-Es elsts at | baton a6 
oy gst00e omy wa othe 


vor) asewisd anoetroymod 


60 
A comparison of the MT2 results at equivalent 5 trial intervals 


over 50 trials of whole-task training is pictured in Tables XXIX, XXX, and 


XXXI. 
TABLE XXIX 
COMPARISON OF MOVEMENT TIME TWO 
BETWEEN CONTROL AND SUB-TASK 
PIVOT GROUPS OVER TRIALS 
1-50 
Trials Control Pivot D So lbe te 
Mean Mean 

1=5 14°.678 9.626 Drow Le 2 4.168** 
6-10 10.880 8.081 2.799 552 5 .068** 
11-15 10%.,.82;7 8.648 tae aps) opie GS2Z23R* 
16-20 10.060 8.450 i641: 424 3.798%* 
21-25 92702: 8.038 1663 476 3.494%% 
26-30 9.444 8.049 395 336 WSLS 5s * 
31-35 8.808 7.894 robe 320 PO SOW Kats 
36-40 9.000 Baeae w/58 300 2.526** 
41-45 8.939 8.029 .910 283 3.217%** 
46-50 8.652 7.929 sJ23 . 286 Pe SM fg 


*kSignificant at the .05 level of Confidence 
* Significant at the .01 level of Confidence 


The pivot sub-task group was significantly superior at ali VErial 


levels 1-50 over the control group as noted in Table XXIX. 
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TABLE XXX 


COMPARISON OF MOVEMENT TIME TWO 

BETWEEN SUB-TASK PASS AND SUB- 

TASK PIVOT GROUPS OVER TRIALS 
£50 


Trials Pass Pivot D Sra c 
Mean Mean 

1-5 E25 9.626 2.299 S631 3.641%** 
6-10 92547 8.081 1.466 7594 B.7Za5* 
11-15 9.928 8.648 1e280 -492 2.602% 
16-20 9.366 8.490 -916 . 388 2.364% 
21-25 9.089 8.038 L050 2270 Zelyin 
26-30 9Ge171 8.049 Lele? 392 2.859%%* 
31-35 6.2730 7.894 - 836 - Old 2.664%% 
36-40 Spr opiah S242 .769 Seley) 2.096% 
41-45 9.065 8.029 BN OSS) 3 3.310** 
46-50 8.816 TOSS) . 887 359 2R412* 


**Significant at the .01 level of Confidence 
* Significant at the .05 level of Confidence 


Performance scores for the sub-task pivot group were significantly 


superior to the pass group (see Table XXX) at all trial intervals 1-50. 


TABLE XXXI 


COMPARISON OF MOVEMENT TIME TWO 
BETWEEN SUB-TASK PASS AND 
CONTROL GROUPS OVER TRIALS 


1-50 
Leigts Control Pass D St Es it 
Mean Mean 

Hee) 14.678 JG EAS) Luk So 13326 2.077% 
6-10 10.880 Oro 1.2333 Oo De bos 
11-15 LOR S27. 9.928 899 +631. eae a 
16-20 10.060 9.366 .694 sh f5— 1.462 
21-25 9.701 9.089 613 one 2185 
26-30 9.444 i yal a ape -465 ood 
31-35 8.808 82730 <078 e303 e202 
36-40 9.000 9,001 0) .305 AGEWE 
41-45 8.939 9.065 a Meee 347 2368: 
46-50 81652 8.816 2164 . 364 ait e ath 


ee en eee 
Re 


*Significant at the .01 level of Confidence 
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The sub-task pass group (see Table XXXI) had significantly 
superior performance times over the control group, at trial intervals 1-10. 
A comparison of MT2 results between control and experimental groups 


after COMPARABLE NUMBERS of training trials is displayed Tables XXXII 


alinlst OSO;C LID = 
TABLE XXXII 
COMPARISON OF MOVEMENT TIME TWO 
BETWEEN CONTROL AND SUB-TASK 
PIVOT GROUPS OVER TRIALS 
1-25/51-75 
Meraale all Pivot (ereakeul Control D Smile fa 
Mean Mean 

1-5 9.626 50-55 8.876 2/50 2315 Le Ss 
6-10 8.081 56-60 B.553 OZ .288 ih PES 
11-15 8.647 61-65 8.478 eo = HOY a2 
16-20 8.450 66-70 8.109 5 BAIL OM 1.169 
21-25 8.038 71-75 8.269 ili . 286 .808 


*Significant at .05 level of Confidence 
Table XXXII shows that the control group had significantly better time 
scores than the pivot group at trial interval 1-5. Mean differences between 


control and pivot groups are not significant at subsequent trial intervals 


6-25/56-75. 
AWN, — XOOTIEA 
COMPARISON OF MOVEMENT TIME TWO 
BETWEEN CONTROL AND SUB-TASK 
PASS GROUPS OVER TRIALS 
1-25/51-75 
Trials Pass Trial Control D Sedona te 
Mean Mean 
1-5 925 50-55 8.876 3.048 Loz 4.895x*x* 
6-10 9.547 56-60 8.583 -963 -420 2s. 205% 
11-15 9.928 61-65 Seas 45.0 e475 3.050** 
16-20 9.366 66-70 8.109 Ae 2517) Sb 3.480%** 
21-25 9.089 71-75 8.269 -819 0) 2 See 


aay 


*kSignificant at the .01 level of Confidence 
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63 
Performance comparisons between the control group and sub-task 
pass group indicate that the control group had significantly better scores 


at all trial intervals 1-25/51-75- 


Subjective Error Tally. Four performance errors were identified 
during pilot work. If a subject committed errors during performance the 
tester subjectively assessed the type of error and recorded it. A graph- 
ical summary of the total errors committed by all groups is presented in 
figure 21. The control group error score for comparable training was 
noticably lower than the pivot or pass experimental groups. The error 
score difference is quite marked (see figure 21) at trial level 1-5/51-55 
of comparable training. Figure 22 supports the information displayed in 
Figure 21. The control group in Figure 22 has fewer errors (110) than 
either the sub-task pivot (120) or the sub-task pass (151) group after 
comparable training. Error scores analysis after comparable training 
indicates that the control group had 8.33% fewer errors than the pivot 
group and 29.49% fewer errors than the pass group after comparable train- 
ing. All three groups had the fewest errors at trial interval 35 after 
which errors for all groups increase. Inspection of Figure 22 also dis- 
plays that;10 out of 15 time seonre plots for the,control groupywere re- 
lated to error score. The learning curve for the sub-task pass group in- 
dicatesethat in, 9 plots .out.of 10,,a,decrease or increase in. time score 
was related to the error score. The pivot sub-task group had 7 out of 10 
time score plots related to an increase or decrease in error score. 

Totalling all score plots it was found that 26 out of 35 or 74.22% 
were related to an increase or decrease in the error score. 

Subjective error tally information relative to total error, pivot 
wrong way, hit hoop, wrong hoop, and incorrect chest pass errors are pre- 


sented in Tables XXXIV, XXXV, XXXVI, XXXVII, and XXXVIII. 
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TABLE XXXIV 


COMPARISON OF TOTAL ERRORS 
BETWEEN CONTROL, PIVOT, 
AND PASS GROUPS 


Group Tritaks 
1-5 6-10 11-15 16-20 Z1=25 Totad: f6r 25: Tetais 
*128-Pivot 4l 13 22 24 20 120 
*119-Pass 47 19 32 28 25 15% 
Control 60 26 30 25 30 a 
**Control (23) (20) (25) (24) (20) 110 


*Errors committed during sub-task training 
**kError tally after comparable training 


TABLE XXXV 
COMPARISON OF PIVOT WRONG WAY ERRORS 


BETWEEN CONTROL, PIVOT, AND 
PASS GROUPS 


Group Trials 
i 6-10 jE Aus) 20) 2A=—29 Total ror 25, Trials 


ee SS SS eS eee 


* 87-Pivot 10 8 5 10 8 41 
Pass 24 a, 7 8 7 58 
Control 50 ily 14 AZ is 99 

**kControl (73) C4) - C4) ( 4) ( 4) 19 


* Errors committed during pivot sub-task training 
*kError tally after comparable training 
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TABLE XXXVI 


COMPARISON OF HITTING HOOP ERRORS 
BETWEEN CONTROL, PIVOT, AND 
PASS GROUPS 


a ee ee ee eee 
ee oe ee ee 


Group Trials 
1-5 6-10 11-15 16-20 21-25 Totall for 25) Tritadis 


Se a ee a Oe oe ee ee a 


Pinoy 1.8) 


2 8 6 i 36 

*35-Pass 7) 4 13 5 6 35 
Control 5 4 6 8 7 30 

** Control ( 8) ( 8) (14) & 9) ( 9) 48 


*Errors committed during chest pass sub-task training 
**kError tally after comparable training 


TABLE XXXVII 


COMPARISON OF PASSING THROUGH 
WRONG HOOP ERRORS BETWEEN 
CONTROL, PIVOT, AND 
PASS GROUPS 


Group Trials 
tis 5 6-10 IANS 16=20 PN O39} Totals rors i rials 


ee a ee ee ree 


PAVot 5 0 5 3 2 m5 
*6 -—Pass 3) i p z 3 16 
Control Talk 2 3 4 5 25 
*k Control ( 6) ( 6) ( 4) (23) ( 4) 23 


a 
ee ee Sr a ae 


*Errors committed during chest pass sub-task training 
*kError tally after comparable training 
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as sub-task practice but not significantly better. Table XXVI does not 
support the Ho,: whole complex task = pivot sub-task training. It shows 
that the control group has significantly better chest pass times at trial 
intervals 1-5, 11-15, and 16-20. Significance at these intervals may be 
explained in that the pivot sub-task group was just beginning to integrate 
the chest pass component of the whole task while the control group had 50 
previous training trials on the chest pass and pivot sub-task as parts of 
the whole. Figures 12, 13 and 14 illustrate the apparent difficulty the 
pivot sub-task group had in integrating the previously unpracticed com- 
ponent into the whole task training. This interference effect was found 
by several writers (13, 106, 68). Evaluation of MT2 (see table XXXII) in- 
dicates that the control group was significantly better at trial levels 
1-5/51-55. This difference may be related to error performance as in- 
dicated by tables XXXIV. At trial levels 1-5/51-75 the pivot sub-task 
group had committed 41 errors as compared to 21 by the control group. 
Results related to MT2 indicate that significant differences in perfor- 
mance by the control group in CP-W are attenuated by slight but not sig- 
nificant performances of the pivot sub-task group on RT1, PMT, and MT1 
measures. 


In summary the null hypothesis Ho, is rejected in 2 out of 5 time 


1. 


measures at 4 trial levels. 


Ho, + Training on the whole task = part training on pass sub-task. 


The null hypothesis was rejected when RT1 was examined (see Table IX). 


At trial level 21-25/71-75 the control group was significantly better. 


Ho, was rejected for the PMI measures. The control group was signifi- 


cantly better over a space of ten trials. Table XX verified rejection 


of Ho, for MT1 scores. The control group was significantly better at all 
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68 
compared trial levels. 

Table XXVII shows the interfering effects of the addition of the 
sub-task pivot component on CP-W. The control group has significantly 
superior time scores at trial levels 1-5, and 11-20. Cumulative time 
scores for the pass group rise to levels previously attained in the early 
stages of sub-task practice. Other researchers (13, 48, 68, 106) found 
interfering effects similar to those revealed in this study. 

Table XXXIII compared the whole task and pass-sub-task on the MT2 
measure. The control group was significantly better at all trial levels. 
The interfering effects of attempting to combine the pivot sub-task move- 
ment with previously practiced pass sub-task seems quite evident. 


In summary the null hypothesis is rejected for all 5 time measures. 


Ho, : Training on pivot sub-task = training on pass sub-task. 


The Null hypothesis Ho, is rejected when RT1 scores are compared. The 
pivot group (see Table VI) was significantly superior at trial level 1-5. 
The pass sub-task group took five trials to bring RT1l scores down to a 
comparable level with the pivot sub-task group who had 50 previous trials 
involving RT1l as part of the pivot sub-task training. 

Analysis of PMT measures (see Table XII) revealed that the 
pivot sub-task group had better PMT mean times over 50 trials of whole- 
task training and these scores significantly favor the pivot sub-task 
group at trial levels 1-10, 16-20, and 36-40. Figure 17 gave indication 
that the pivot sub-task learning curve for PMT may have reached its 
asymptote. This possibility is supported by the PMT transfer score 
(see Table X) which shows that 98% of the total possible learning of the 
pivot sub-task group had been accomplished during sub-task training. 


The null hypotheses Ho, was rejected for the MTl measure (see Table 
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XVIII). The pivot sub-task group was significantly superior over 50 trials 


of whole task training. This finding lends support to the concept that 
sub-tasks of a complex perceptual-motor task do not contribute equally to 
whole task learning. The factors creating inequality of contribution to 
whole task learning could not be isolated in the study but sub-task com- 
plexity and the relatedness of the sub-task training to the whole are sug- 
gested causes. Several authors (6,8,15,19,56,65,84,88,99) found task 
complexity and specificity of sub-task training to whole as factors in- 


Pivencine transrer errect. 


Comparisons of CP-W scores showed that the hypotheses Ho. was 


g] 
rejected for this measure. The pivot sub-task group (see Table XXIV) 


was found to be significantly better at trial level 6-10. The observation 
indicates that the pass sub-task group had difficulty integrating the 
previously practiced sub-task of passing into the whole-task routine. 

The pivot sub-task pivot group had better chest pass time scores through- 
out 50 trials of training although significance is observed at only one 
trial level 6-10. The results of this comparison indicate the possible 
dangers of learning sub-tasks. Sometimes sub-task practice may have an 
interfering or negative effect on whole task training. 

Results of MT2 scores are compared in Table XXX. The pivot sub- 
task group performed significantly better than the sub-task pass group at 
all trial levels throughout whole-task training. The absolute rejection 
of Ho, poses an interesting question for the teacher. What sub-tasks of 


3 
a complex skill should be taught and which should not? How does the teacher 


identify the method of skill presentation? 


Ho,: Whole Task training = pass sub-task = pivot sub-task training. 
Lo 


null hypotheses Ho, 


is postulated to examine whether transier efiects were 
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70 
present and in what direction (positive, negative, or zero effects). 

Table V demonstrates that a positive transfer effect influenced RTI 
scores of the pivot sub-task group. Pivot sub-task group was significantly 
better than the control over trials 1-25. This effect is not evident at 
trial intervals 26-50. The result is consistent with other researchers 
(52,45,33) who found that the transfer effect dissipated as the learner 
approached the limits of learning for the particular motor skill being 
studied. Table VI showed a significant positive transfer effect in favor 
of the pivot sub-task group at trial interval 1-5. The pass sub-task group 
was significantly superior to the control group (see Table VII) at trial 
interval 6-10. This result indicated a positive transfer effect for the 
sub-task training of the pass group. Ho, for RTI was rejected and points 
to the variability of transfer effect as a result of sub-task training. 

It seems evident that it was worthwhile to have some sub-task training in 
pivoting and \a waste of time to practice chest passing as a sub-task of 
the whole. 

Tables XI, XII and XIII display PMT measures. Table XI showed 
the pivot sub-task group was significantly superior over the control for 
PMT measures indicating the presence of positive transfer effects; Table 
XII illustrated transfer effect inequality of sub-tasks to the whole; 
and Table XIII illustrated a zero transfer effect. The pass sub-task group 
did not have significantly higher PMT scores than the control group creating 
what has been classified as a zero transfer effect. Learning to chest pass 
did not facilitate the pass sub-task's ability to learn the pivoting sub- 
task easier than the control group. 

MTI was a measure of total time required for the pivot sub-task. 


Comparison of pivot sub-task and control groups in Table XVII showed the 
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sub-task pivot group to be significantly superior at all trial levels 1-50. 
This result illustrates a strong positive transfer effect that continues 
to influence training throughout all trial intervals 1-50. These results 
reject ‘the ‘null hypothesis Ho, - 

Table XVIII demonstrated that the pivot sub-task training was more 
beneficial than pass sub-task training. 

Table XIX gives some indication that sub-task training on one part 
may have facilitated acquisition of another sub-task. The pass sub-task 
group had a significantly superior MTl performance over the control group 
at trial level 1-5 without having previously practiced the pivot sub-task. 
These effects were not evident in subsequent blocks of trials although 
performance times of the pass group are lower at trial levels 1-36. 

Comparison of CP-W (see Tables XXIII, XXIV, and XXV) permitted some 
interesting observations. The pivot sub-task group (see Table XXIII) had 
significant better performance times than the control at trial levels 1-15, 
26-30, and 45-50. Although the pivot sub-task group had not practiced the 
chest pass as a sub-task they performed better than the control group in 
30 trials out of 50. Learning the pivot sub-task seemed to facilitate ac- 
quisition of the chest pass sub-task. 

The pivot sub-task was significantly better than the chest pass sub- 
task group on trials 6-10 (see Table XXIV). Mean time scores for the pivot 
sub-task group were better at all trial levels over the pass sub-task group 
except at trial 36-40 where the pass sub-task group was slightly better 
(1/1,000 of a second). It seemed from observation of Table XXIV that the 
pass sub-task group suffered proactive interference from the effects of 
trying to learn the pivot sub-task. 


The pass sub-task group was superior to the control group in trials 
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1-5 (see Table XXV) indicating a positive transfer effect for the CP-W 
measure. Significant differences were not noted in subsequent trial in- 
tervals. The observation was that the advantage gained through pass sub- 
task training had dissipated after 5 trials. 
A comparison of MT2 clearly indicated that Ho, was not tenable. 

The pivot group was significantly superior to the control at all trial 
levels 1-50 indicating the effects of positive transfer (see Table XXIX). 
The pivot sub-task group was also significantly superior at all trial 
levels over the pass sub-task group (see Table XXX). The observation 
supports the view held by Gagne and Foster (52) that sub-tasks vary in 
the degree that each facilitate the acquisition of the whole task. Table 
XXXI showed the pass sub-task group to be significantly superior to the 
control in trials 1-10. This result showed that pass sub-task training 
was beneficial but that the positive effects were short-lived. The value 
of chest pass sub-task training could be questioned in terms of learning 
economy. 

In summary, the null hypothesis that whole task = pass sub-task = 
pivot sub-task, was rejected in all comparisons. Transfer effect was 


evident and varied from a strong positive effect accrued from pivot 


sub-task training, to zero effects from pass sub-task training. 
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CHAPTER V 


SUMMARY AND CONCLUSIONS 


The purpose of this study was to investigate whether practice on 
sub-tasks of a complex perceptual-motor task were beneficial. In addition, 
the economy of learning sub-tasks was compared to whole task training. 

The sub-tasks of pivot and chest pass were compared to determine if both 
contributed equally to learning of the whole task. 

The complex perceptual-motor task in the study was a one hundred 
and eighty pivot right or left followed by the chest passing of a basket- 
ball through one of two basketball hoops situated vertically to the right 
and left of the subject. Two sub-tasks were identified for purposes of 
study. One was a pivoting movement right or left and the other was a 
chest passing movement. 

Ninety boys from five elementary schools participated in the study. 
They were randomly assigned to groups and tasks. Three groups (N=30) were 
formed. Two experimental groups performed either the pivot sub-task or 
the chest pass sub-task before practice on the whole. The third group was 
designated as control and only trained on the whole task. The experimental 
sub-task pivot group had 50 trials of pivot training followed by 50 trials 
of whole task training. The experimental sub-task pass group had 50 trials 
of chest pass training followed by 50 trials of whole task training. The 
control group had 75 trials of whole task training. Electronic time mea- 


sures and subjective error scores were obtained for each subject. 
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Both experimental groups benefited from sub-task training. The 
accrued benefits varied according to the type of sub-task training. Sub- 
task training benefits were affected during whole task training by the 
interfering effects of integrating unlearned parts. 

In terms of economy the most efficient method of learning was by 
whole task training without including preliminary practice on a subordinate 
ski il. 

The following conclusions appear to be justified within the limi- 
tations of the experiment. 

1. Pivot sub-task training facilitated acquisition of the whole complex 
perceptual-motor task. 

2. Pass sub-task training facilitated acquisition of the whole complex 
perceptual-motor task. 

3. Whole task training was significantly the most economical method of 
learning the complex perceptual-motor task. 

4. Training on the pivot sub-task was significantly more beneficial than 
training on the pass sub-task. 

5. Learning the whole complex perceptual-motor task for all three groups 
was related to errors. 

6. Learning plateaus occurred during sub-task and whole task training. 
7. Experimental groups experienced significant interfering effects from 
sub-task training while training on the whole complex perceptual- 

motor task. 
8. Conditions of positive and zero transfer effect were noted. 

The results of the study have important implications for motor 
skill teaching in physical education. It is not uncommon to see many 


motor skills being taught using part-whole methods. For example, pivoting 
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and passing should be taught as a unified whole. How many motor skills 
are being taught using part-whole methods? The study suggests that part- 
method motor skill teaching presentation should be carefully evaluated. 
Further research on part-whole transfer of gross motor skills is 
required. Research should focus on determining when it is more economical; 
in terms of reduced errors, fewer practice trials, or better performance, 
to learn parts then the whole, as opposed to whole task training. Multi- 
dimensional studies should be developed which could evaluate a number of 


sub-task skills with varying amounts of part practice. 
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APPENDIX A 


STATISTICAL TREATMENT 


A Xray Tas aa 


THOMTASAT LAST TAI PATS 


The formula employed to express transfer was as follows: 


Percent Transfer = 


G Group Score =" 1 Group Score X 100 


C Group Score - Total Possible Score 
(52-07) 

The denominator of this fraction (53:47) expresses the range of 
scores possible in learning, whereas the numerator represents the con- 
ventional method of arriving at a value of the amount of transfer. 

The estimate of final learning was taken as the best time for 
five trials on the whole task regardless of which group achieved this 
measure. 

The percentage value obtained was a method of expressing how 
much training on the sub-tasks had contributed to total possible learn- 
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APPENDIX B 
SAMPLE DATA SHEETS 


FORM LETTERS 


& XITCUSISA 


eTHaHe ATAG SIMAe 


QAaTTII MAO 


June 18, 1965 
University of Alberta 


Dear Parent, 

I am conducting a part-—whole transfer-of-training study at the Un- 
iversity of Alberta. I would like to .use your son as one of my subjects. 

I wish to explore the question: "Will learning the parts of a com- 
plex skill facilitate the acquisition of the whole or is there positive 
transfer from the parts of a skill to the whole?" In order to test this 
question I have modified two basketball skills into what I term a complex 
task. This complex (whole) task is to pivot, then chest pass. 

My experimental design calls for ninety ten year old boys, divided 
into three groups, two experimental and one control. The experimental 
groups will learn parts of the task then the whole. The control group will 
learn the whole without any previous training on the parts. One experimen- 
tal group will learn how to pivot, which is part of the whole, then learn 
how to pivot and chest pass as a combined movement, which is the whole task. 
The second experimentai group will learn how to chest pass, which is part 
of the whole, then after a rest, learn the whole task. The control group, 
as was mentioned earlier, will learn the whole task without any previous 
training on the parts. 

Statistical procedure will be used to determine the transfer effect 
of learning parts of the complex task before the whole. Experimental groups 
will be compared with the control group. From a general educational view- 
point, it is hoped that the results will cast some light on the effect of 
teaching sub-routines in school physical education programs. 

What does the study involve for each subject? Each subject will be 
involved in ONE testing period lasting approximately 90 minutes, sometime 


during the month of July. It is hoped that each subject's testing date 
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can be scheduled to suit the summer plans of the parent. 

The study, which will be something of a game for the children, will 
be conducted in the Fitness Research Unit located in the basement of the 
new Education Building. Subject should enter the Education Building through 
the WEST entrance and follow the signs to the correct room. The posted 
signs will read: "BOYS - 10 YEARS - THIS WAY". 

Each boy should wear running shoes and a T-shirt. Either short or 
long pants is acceptable. 

I will contact the parent of each subject by telephone to check and 
finalize testing date and other pertinent details. 

I can be contacted at home or at the university. 

HOME: Mr. Rex Beach 

9423 - 66 Ave. 
439-6252 
UNIVERSITY: Mr. Rex Beach 
Education Building 
439-8721 Extension 837 


Thanks so much for your cooperation. 


Sincerely, 


Rex H. Beach 
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Admonton Public School Board 


10733 -101 STREET 
EDMONTON, ALBERTA 


June 18, 4960. 


Miva ky, 1. Beach, 
9423 - 66 Avenue, 
Edmonton, Alberta. 


Dear Mr. Beach: 

Permission is granted for you to proceed with 
your research project. 

By telephone the principals of McKernan, Garneau, 
Windsor Park and Strathcona Schools were notified that you 


would be in touch with them. 


I trust you will secure the co-operation of the 
principals and that your work will be successful. 


Yours sincerely, 


Te De baker, 
Associate Superintendent - Instruction. 


TDB: dk 


daiw beesewq oy “oy xot bednaxg et nokeak 


eusenied .nenis4oM to elugqlonbrq on. %: 
voy Jefa belitton stew aldoriae a ; 


aia lo agdtexsyo-09 edt sx1998 wit 


fiisasooue od fliw drow aWIY mon —. 


“letssnle erucY” 


wipe .d .T | + 
.nofs5utjenl ~ raed aes sisivoaea 


SUBJECT DATA SHEET 


NAME: SCHOOL: 
ADDRESS: PHONE: 
BIRTHDATE: 


TESTING DATE: 
TESTING TIME: 
ASSIGNED GROUP: EXPERIMENTAL CONTROL 
ASSIGNED TASK: PIVOT SUB-TASK 
PASS SUB-TASK 
WHOLE TASK 


PERFORMANCE DETAILS: 


SUBJECTIVE ERROR TALLY SHEET 
NAME: 
DATE: 


Mia 


GROUP: (Circle One) -— Pivot Sub-Task 
Pass Sub-Task 
Control 


trial Pivot Wrong i Incorrect 
Pass 
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TIME SCORE COLLECTION SHEET 


SUBJECT : 


EMIS s 


DATE: 


TASK: GROUP: 


*Scores for RT1-Reaction Time and CP-P-Chest Pass Time for Sub-Task Pass 
were collected in this column 
**kScores for MI1-Movement Time One were collected in this column 
**kKScores for MI2-Movement Time Two were collected in this column 
*KkK*KScores for RTl1-Reaction Time were collected in this column 
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APPENDIX C 


APPARATUS DETAIL 
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CONSTRUCTION OF RUBBER CONTACT MATS 


Sie Ik Stakes one corrugated rubber mat’ Lie*1@ flat with the ribbed side 
to the outside. 


STEP 2 Take a section of wire mesh (copper or steel window screen may be 


used) and place it on top of the mat. Around one edge of the 
screen weave in a copper wire lead. 

STEP 3 Place a rubber border about 3/4 inch wide on top of the screen 
and around the edge (same material as the mats is recommended). 
Glue the strip through the screen to the underlying mat. 

STEP 4 Place a rubber sponge disc (1/2 inch in diameter) every four inches 
on the screen. Distance between disc will depend upon size and 
stiffness of the rubber mats. 

STEP 5 Place another rubber mat with a copper screen attached to the inner 
side on top of the rubber disci. Weave a copper wire lead along 
one edge of the top screen at 90° to the copper wire lead of the 
lower screen. 

STEP 6 Glue the edges together to complete construction of the mat. 
Contact mats constructed in the manner described require very little 

maintenance. Proper placement of the sponge disci insures contact between 


the two screens no matter where an individual places his foot. 
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DIRECTION OF SUB-TASK 
MOVEMENT FOR EACH TRIAL 


Pivot/Pass Direction 
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NOTE: 


Pivot/Pass Direction Leda 
Right 26 
Left oy 
Right 28 
Right 29 
Right 30 
Right Sl 
Right 32 
Right 33 
Right 34 
Right 35 
Left 36 
Right ay, 
Left 38 
Left 39 
Right 40 
Left 41 
Left 42 
Right 43 
Left 44 
Left 45 
Right 46 
Left 47 
Left 48 
Left 49 
Right 50 


Gert 
Right 
Right 
Right 
Right 
Right 
Right 
Left 
Left 
Left 
Left 
Right 
Left 
Left 
Left 
Left 
Left 
Right 
Left 
Left 
Right 
Left 
Left 
Right 
Left 


Direction for each trial was determined by coin toss: heads right, 
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DIRECTION OF WHOLE TASK MOVEMENTS FOR EACH TRIAL 


Trial Pivot Pass Triad Pivot Pass 
Direction Direction Direction Direction 
1 Right Right 39 Left Right 
2 Left Right 40 Left Left 
S Left Right 4} Right Left 
4 Left Lett 42 Left Lefe 
5 Left Right 43 Left Left 
6 Left Right 44 Right Left 
7 Left Right 45 Left Left 
8 Left Right 46 Left Right 
) Left Right 47 Right Right 
10 Right Left 48 Left Left 
L. Right Right 49 Left Left 
12 Left Left 50 Left Left 
1S. Left Right 5 Right Left 
14 Left Right 52 Left Left 
15 Right Left ae Left Right 
16 Left Left 54 Right Left 
yy Left Right 3) Right Left 
18 Right Right 56 Right Right 
ue Right Left Di, Right Left 
yAQ) Left Right 58 Left Right 
ail Right Left She) Right Right 
Ze Right Left 60 Right Right 
23 Left Right 61 Left Right 
24 Left Right 62 Left Left 
Z5 Right Right 63 Lett Left 
26 Left Right 64 Left Right 
ey, Right Right 65 Right Left 
28 Right Right 66 Right Left 
BAS) Left Left 67 Right Left 
30 Left Right 68 Left Right 
By Right Right 69 Left Left 
52 Left Right 70 Left Right 
33 Left Right rial Left Left 
34 Right Right TP Left Right 
35 Left Right is Left Left 
36 Right Right 74 Right Right 
of Left Left M2) Left Right 
38 Left Left 


NOTE: Direction for each trial was determined by tossing two coins. For 
each coin - heads right, tails left. 
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REACTION TIME AND MOVEMENT TIME CIRCUITS 
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APPENDIX D 


INSTRUCTIONS TO SUBJECTS 
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INSTRUCTIONS TO SUBJECTS FOR WHOLE TASK TRAINING 

Control Panel Orientation. "This is the control panel where I 
will sit. These clocks Sweep around once every second (switch lights on). 
These clocks and the switches here are something like a space ship. They 
will turn on the "action" lights and tell me how well you played the game." 

Pivot Sub-Task Stimulus Lights. "This is a set of "action" lights. 
The amber light is a warning light and will tell you to be alert. (point 
to it) because very soon, one of the action lights will go on. This is the 
left "action" light. This is the "right" action light." (point to each 
in turn) (Switch the lights on and off). 

training: Platform Orientation. | "This! is.a specials platformafornyou 
to play our pivot-pass game on. These are special rubber mats, which when 
stepped upon,» stop one)of) the. clocks;,),, This, line (point to it) 1s. your 
starting line. You must toe up to this line to start the game. These two 
rectangular boxes (point to them) are special electrical boxes which will 
send an impulse to one of the clocks and stop it when the magnets on your 
toes interfere with the electrical circuit within. Here are the magnets; 
let's tape them to your running shoes." 

Chest Pass Apparatus Orientation. ''This is the left hoop and net." 
If the left action light goes on you will be passing the ball through this 
hoops (point, to. deftphoop).. df the right, action light goes on you will be 
chest passing the ball through this hoop (points to» right’ hoop) ie, These, red 
pennants across the hoops have little magnetic switches on them. When you 
pass the ball through the hoop, the contacts will be broken and you will 
stop a clock which will tell me how fast you passed the ball." 


Demonstration and Explanation of Game. ''The little game you are 


about to play is done like this -- (Demonstrate - rights then,Jeft).s” 
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"Now what do we have to do to play this pivot-pass game? When the 
warning light goes on, you know that you will have to pivot very soon - be 
alert with your knees slightly bent and your ball in ready position. Do 
not move now until one of the action lights comes on. If the left "action" 
light goes on, take the weight on your left foot and turn yourself around, 
so that you come to face in the opposite direction. Keep your weight low. 
If the right "action" light goes on, take the weight on your right and turn 
yourself around, so that you come to face in the opposite direction. Keep 
your weight low. As you turn or pivot - keep the foot you turn on fixed or 
planted in one place until you finish." 

As you finish your pivot you will be faced with the second set of 
action lights. These "action" lights tell you where to chest pass. As you 
finish, I want you to hold the basketball up and in front of you with your 
hands holding the ball like this. Fingers spread and thumbs behind the 
Dali ihe Letter right action Light will be on. If thevlert action Ji1ehe 
is on, draw the ball towards your chest, then push it with BOTH hands to- 
ward the correct basket. I repeat - push it with BOTH hands toward the 
correct basket." 

"Are there any questions?" (After answering any questions, the 
subject is then given a basketball and asked to assume a position on the 
starting line with the command) - "Toe-up to the line." 

"Now, will you repeat those instructions for me?'' (Subject repeated 
instructions) 

"Now, let's practice this ... once to the left and once to the 
right." (The subject took a practice trial of the whole task to the left, 


then to the right) 


"Now we are ready to play the game. The idea of the game is to see 
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if you can respond to the lights correctly, pivot and pass as quickly as 
you can with as few errors as possible, I will tell you if you make an 
error. 

The subject was then taken through 50 training trials, 10 minutes 


of interpolated rest, then 25 more training trials. 


= en xb 


caesar woe ME woy fier 


7 
. a’ A 


: aa 
esauotm OL ,sintit anrintnsy O0¢ =e sain os otis a 
a 
sfatx3 gatetesy a100 eo onda aes aii 3 


INSTRUCTIONS TO SUBJECTS FOR SUB-TASK PASS TRAINING 
Control Panel Orientation. "This is the control panel where I 
will sit. These clocks sweep around once every second (switch clocks on). 
These clocks and the switches here are something like a space ship. They 
will turn on the "action" lights and tell me how well you have played the 


game." 


Chest Sub-Task Stimulus Lights. "This is a set of "action" lights. 


The red light is a warning light and will tell you to be alert (point to 
it) because very soon, one of the "action" lights will go on. This is the 
lefty action, iene. “This is the right’ "action" liene.” (Point to each 
iieewEn.| oWwLten the liehts om and off). 

ivainineg.-vattorm Ordentation, “This 1s a special plattorm for 
you to play the game on. This line here, (point to it) tells you where 
to place your heels." 


Chest Pass Apparatus Orientation. "This is the left hoop and net. 


If the left "action" light goes on you will be passing the ball through 
this hoop (Point to left hoop). If the right "action" light goes on you 
will be chest passing the ball through this hoop (Point to right hoop). 
These red pennants across the hoops have little magnetic switches on them. 
When you pass the ball through the hoop, this contact will be broken and 
you will stop a clock which will tell me” how fast you passed the ball. 


Demonstration and Explanation of Game. ‘The little game you are 


about to play is done like this -- (Demonstrate with the left Waction” 
trenton): 

"Now what do you have to do to do this correctly? First, assume a 
starting position with your heels along this line. Bend your knees, hold 


your basketball up in front of you with your hands holding the ball like 
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INSTRUCTIONS TO SUBJECTS FOR SUB-TASK PIVOT TRAINING 


Control Panel Orientation. "This is the control panel where I will 
sit. These clocks sweep around once every second: (Switch cllocks on). 


These clocks and the switches here are something like a space ship. They 


will turn on the "action" lights and tell me how well you have played the 


game." 


Pivot Sub-Task Stimulus Lights. This is a set of "action" lights. 


The amber light is a warning light and will tell you to be alert because 
very soon, one of the action lights will go on. This is the left “action” 
tient. ihis is the right “action light (point te éach im turn). (Switch 
isghts on and off.) 

Training Platform Orientation. "This as°a special platform for you 
to play our pivot-pass game on. These are special rubber mats, which when 
Stepped upon, stop one of the clocks. This Jine (point to it) is your 
starting line. You must toe up to this line to start the game. These two 
rectangular boxes (point to them) are special electrical boxes which will 
send an impulse*to one of the clocks and stop it when the magnets on your 
toes interfere with the electrical circuit within. Here are the magnets; 
let's tape them to your running shoes." 

Demonstration and Explanation of Game. "The little game you are 
about to play is done like this -- (Demonstrate - enemas lett). 

"Now what do you have to do to play this game? When the warning 
light goes on, you know you will have to pivot very soon — be alert with 
your knees slightly bent and your ball in ready position. Do not move now 
until one of the "action" lights comes on. If the left “action” light goes 
on, take the weight on your left and turn yourself around so that you come 
to face in the opposite direction. Keep your weight low. If the right 


"action" light goes on, take the weight on your right and turn yourself 
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around so that you come to face in the opposite direction. Keep your weight 
low. As you turn or pivot - keep the foot you turn on fixed or planted in 
one place until you finish." 

"Are there any questions?" (After answering any questions, the 
subject is then given a basketball and asked to assume a_ position on the 
starting line with the command) - '"Toe-up to the line." 

"Now, will you repeat those instructions for me? (Subject re- 
peated instructions). 

"Now, let's practice’ this... once to“the 1éf and onee to the 
right.'' (The subject was then given a practice trial to the left then one 
tO the: Ti eht, 

Now we are ready to play the game. The idea of the game is to see 
if you can respond to the lights correctly, pivot as quickly as you can 
with as few errors as possible. I will tell you if you make an error. 

The subject was then taken through 50 training trials on the pivot 
sub-task, followed by 10 minutes of interpolated rest. 

After the rest period the following instructions were given -- "Now 
we are going to add something to our game (uncover the hoops) and make it 
a pivot-pass game." 

Orientate subject to chest pass apparatus and give instructions Lor 
whole task training (See instructions for whole task training for detail). 


The subject does 50 trials of whole task training. 
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this (demonstrate). Fingers spread and thumbs behind the ball. After the 
warning light, either the left or right action light will go on. If ‘the 
left action light goes on, draw the ball towards your chest, then push it 
with BOTH hands toward the correct basket. I repeat - push it with BOTH~ 
hands toward the correct basket." 

"Are there any questions?" (After answering any questions, the 
subject is then given a basketball and asked to assume a position on the 
starting line with the command) - "Heel-up to the line." 

"Now, will you repeat those instructions for me?" (Subject re- 
peated instructions). 

‘Now, let's practice this ... once to the left and once to the 
Fight.’ (The subject was then given a practice trial to the left, then 
one to the right. 

"Now we are ready to play the game. We will play this passing game 
for awhile then take a break and add something else to it. The idea of the 
game is to see if you can respond to the lights correctly, pass as quickly 
as you can with as few errors as possible. I will tell you if you make 
anerror 

The subject was then taken through 50 training trials on the pass 
sub-task, followed by 10 minutes of interpolated rest. 

After the rest period the following instructions were given —- "Now 
we are going to add something to our game (uncover pivot stimulus lights) 
and make it a pivot-pass game." 

Orientate subject to pivot apparatus and give instruction for whole 
task training (See instructions for whole task training for detail). 


The subject does 50 trials of whole task training. 
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